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COMPOSITIONS AND METHODS FOR INCREASING BONE MINERALIZAHON 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority from U.S. Provisional Application 
No. 60/1 10,283 filed November 27, 1998, which application is incorporated by 
reference in its entirety. 

TECHNICAL FIELD 

The present invention relates generally to pharmaceutical products and 
methods and, more specifically, to methods and compositions suitable for increasing the 
mineral content of bone. Such compositions and methods may be utilized to treat a 
wide variety of conditions, including for example, osteopenia, osteoporosis, fi^ctures 
and other disorders in which low bone mineral density are a hallmark of the disease. 

BACKGROUND OF THE INVENTION 

Two or three distinct phases of changes to bone mass occur over the life 

of an individual (see Riggs, fVest J. Med. 154:63-17, 1991). The first phase occurs in 
both men and women, and proceeds to attainment of a peak bone mass. This first phase 
is achieved through linear growth of the endochondral growth plates, and radial growth 
due to a rate of periosteal apposition. The second phase begins around age 30 for 
trabecular bone (flat bones such as the vertebrae and pelvis) and about age 40 for 
cortical bone (e.g., long bones found in the limbs) and continues to old age. This phase 
is characterized by slow bone loss, and occurs in both men and women. In women, a 
third phase of bone loss also occurs, most likely due to postmenopausal estrogen 
deficiencies. During this phase alone, women may lose an additional 10% of bone mass 
from the cortical bone and 25% from the trabecular compartment (see Riggs, supra). 

Loss of bone mineral content can be caused by a vnde variety of 
conditions, and may result in significant medical problems. For example, osteoporosis 
is a debilitating disease in humans characterized by marked decreases in Skeletal bone 




mass and mineral density, structural deterioration of bone including degradation of bone 
microarchitecture and corresponding increases in bone fragility and susceptibility to 
fracture in afflicted individuals. Osteoporosis in humans is preceded by clinical 
osteopenia (bone mineral density* that is greater than one standard deviation but less 
5 than 2.5 standard deviations below the mean value for young adult bone), a condition 
found in approximately 25 million people in the United States. Another 7-8 million 
patients in the United States have been diagnosed with clinical osteoporosis (defined as 
bone mineral content greater than 2.5 standard delations below that of mature young 
adult bone). Osteoporosis is one of the most expensive diseases for the health care. 
10 system, costing tens of billions of dollars annually in the United States. In addition to 
health care-related costs, long-term residential care and lost woridng days add to the 
financial and social costs of this disease. Worldwide approximately 75 million people 
are at risk for osteoporosis. 

The frequency of osteoporosis in the human population increases with 
15 age, and among Caucasians is predominant in women (vdio comprise 80% of the 
osteoporosis patient pool in the United States). • The increased fragility and 
susceptibility to fracture of skeletal bone in the aged is aggravated by the greater risk of 
accidental falls in this population. More than 1.5 million osteoporosis-related bone 
fractures are reported in the United States each year. Fractured hips, wrists, and 
20 vertebrae are among the most common injuries associated with osteoporosis. Hip 
fractures in particular are extremely uncomfortable and expensive for the patient, and 
for women correlate with high rates of mortality and morbidity. 

Although osteoporosis has been defined as an increase in risk of 
fiiacture due to decreased boiie mass, none of the presently available treatments for 
25 skeletal disorders can substantially increase the bone density of adults. There is a 
strong perception among all physicians that drugs are needed which could increase bone 
density in adults, particularly in the bones of the wrist, spinal column and hip that are at 
risk in osteopenia and osteoporosis. 

Current strategies for the prevention of osteoporosis may offer some 
benefit to individuals but cannot ensure resolution of the disease. These strategies 
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include moderating physical activity 0>articularly in weight-bearing activities) with the 
onset of advanc^ age, including adequate calcium in the diet, and avoiding 
constimption of products containing alcohol or tobacco. For patients presenting with 
clinical osteopenia or osteoporosis, all current therapeutic drugs and strate^es are 
5 directed to reducing further loss of bone mass by inhibiting the process of bone 
absorption, a natural component of the bone remodeling process that occurs 
constitutively. 

For example, estrogen is now being prescribed to retard bone loss. There 
is, however, some controversy over v^rether there is any long term benefit to patients 
10 and whether there is any effect at all on patients over 75 years old. Moreover, use of 
estrogen is believed to increase the risk of breast- and endbmetrial cancer. 

High doses of dietary calcium^ with or without vitamin D has also been 
suggested for postmenopausal women. However, high doses of calciiun can often have 
tmpleasant gastrointestinal side effects, and serum and urinary calcitim levels must be 
15 continuously monitored (see Khosla and Rigss, Afoyo Clin. Proc. 70:978-982, 1995). 

Other therapeutics which have been suggested include calcitonin, 
bisphosphonates, anabolic steroids and sodium fluoride. Such therapeutics however, 
have undesirable side effects {e.g., calcitonin and steroids may cause nausea and 
provoke an immune reaction, bisphosphonates and sodium fluoride may inhibit rqrair 
20 of fi^ctures, even though bone density increases modestly) that may prevent their usage 
(see Khosla and Rigss, supra). 

No currently practiced therapeutic strategy involves a drug that 
stimulates or enhances the growth of new bone mass. The present invention provides 
compositions and methods which can be utilized to increase bone mineralization, aiK) 
25 thus may be utilized to treat a wide variety of conditions where it is desired to increase 
bone mass. Further, the present invention provides other, related advantages. 

SUMMARY OF THE INVENTION 

As noted above, the present invention provides a novel class or family of 
TGF-beta binding-proteins, as well as assays for selecting compounds which increase 
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bone mineral content and bone mii^ral densi^, compounds which increase bone 
mineral content and bone mineral density and methods for utilizing such compounds in 
the treatment or prevention of a wide variety of conditions. 

Within one aspect of the present invention, isolated nucleic acid 
5 molecules are provided, vdierein said nucleic acid molecules are selected from the 
group consisting of: (a) an isolated nucleic acid molecule comprising sequence ID Nos. 

1, 5, 7, 9, 11, 13, or, 15, or complementary sequence thereof; (b) an isolated nucleic 
acid molecule that specifically hybridizes to the nucleic acid molecule of (a) under 
conditions of high stringency; and (c> an isolated nucleic acid that encodes a TGF-beta 

- 4 » ♦ ■ 

10 binding-protein according to (a) or (b). Within related aspects of the preset invoition, 
isolated nucleic acid molecides are provided based upon hybridization to only a portion 
of one of the above-identified sequences (e.g., for (a) hybridization may be to a probe of 
at least 20, 25, 50, or 100 nucleotides selected from nucleotides 156 to 539 or 555 to 
687 of Sequence ID No. 1). As should be readily evident, the necessary stringency to 
15 be utilized for hybridization may vary based upon the size of the probe. For example, 
for a 25-mer probe high stringency conditions could include: 60 mM Tris pH 8.0, 2 
mM EDTA, 5x Denhardt's, 6x SSC, 0,1% (w/v) N-laurylsarcosine, 0.5% (w/v) NP-40 
(nonidet P-40) overnight at 45 degrees C, followed by two washes with with 0.2x SSC 
/ 0.1% SDS at 45-50 degrees. For a 100-mer probe under low stringency conditions, 
20 suitable conditions might include the following: 5x SSPE, 5x Denhardt's, and 0.5% 
SDS overnight at 42-50 degrees, followed by two washes with 2x SSPE (or 2x SSC) 
/0.1% SDS at 42-50 degrees. 

Within related aspects of the present invention, isolated nucleic acid 
molecules are provided which have homology to Sequence ID Nos. 1, 5, 7, 9^ 11, 13, or 
25 1 5, at a 50%, 60%, 75%, 80%, 90%, 95%, or 98% level of homology utilizing a Wilbur- 

Lipman algorithm. Representative examples of such isolated molecules include, for 
example, nucleic acid molecules which encode a protein comprising Sequence ID NOs. 

2, 6, 10, 12, 14, or 16, or have homology to these sequences at a level of 50%, 60%, 
75%, 80%, 90%, 95%, or 98% level of homology utilizing a Lipman-Pearson algorithm. 

Isolated nucleic acid molecules are typically less than lOOkb in size, and. 
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within certain embodiments, less than 50kb, 25kb, lOkb, or even 5kb in size. Further, 
isolated nucleic acid molecules, within other embodiments, do not exist in a “library” of 
other unrelated nucleic acid molecules (e.g., a subclone BAG such as described in 
GenBank Accession No. ACG03098 and EMB No. AQ17154Q. However, isolated 
5 nucleic acid molecules.can be found in libraries of related molecules (e.g., for sh uffling 
such as is described in U.S. Patent Nos. 5,837,458; 5,830,721; and 5,81 1,238). Finally, 
isolated nucleic acid molecules as described herein do not include- nucleic acid 
molecules A^ch encode Dan, Cerberus, Gremlin, or SCGF (U.S. Patent . No. 
5,780,263). 

Also provided by the present invention are cloning vectors which contain 
the above-noted nucleic acid molecules, and expression vectors which comprise a 
promoter {e.g., a regulatory sequence) operably linked to one of the above-noted nucleic 
acid molecules. Represen^ve. examples of suitable promoters include tissue-q»ecific 
promoters, and viral - based promoters {e.g., CMV-based promoters such as CMV I-E, 
15 SV40 early promoter, and MuLV LTR). Expression vectors may also be based upon, or 
derived from viruses {e.g., a“viral vector”). Representative examples of viral vectors 
include herpes simplex viral vectors, adenoviral vectors, adenovirus-associated viral 
vectors and retroviral vectors. Also provided are host cells con taining or comprising any 
of above-noted vectors (including for example, host cells of human, monkey, dog, rat, 
20 or mouse origin). 

Within other aspects of the present invention, methods of producing 
TGF-beta binding-proteins are provided, comprising the step of culturing the 
aforementioned host cell containing vector imder conditions and for a time sufQcient to 
produce the TGF-beta binding protein. Within further embodiments, the protein 
25 produced by this method may be further purified {s.g., by colurUn chromatogr^hy, 
affimty purification, and the like). Hence, isolated proteins which are encoded by the 
above-noted nucleic acid molecules {e.g.. Sequence ID NOs. 2, 4, 6, 8, 10, 12, 14, or 
16) may be readily produced given the disclosure of the subject application. 

It should also be noted that the aforementioned proteins, or fragments 
30 thereof, may be produced as fusion proteins. For example, within one aspect fusion 
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proteins are provided comprising a first polypeptide segment comprising a TGF-beta 
binding-protein encoded by a nucleic acid molecule as described above, or a portion 
. I thereof of at least 10, 20, 30, 50, or 100 amino acids in length, and a second polypeptide 
segment comprising a non-TGF-beta binding-protein, ^thin certain embodiments, the 
.5 second polypeptide may be a tag suitable for purification or recognition (e.g., a 
polypeptide comprising multiple anionic amino acid residues — see U.S. Patent No. 

. 4,85 1 341), a maricer (e.g . , green fluorescent protein, or alkaline phosphatase), or a toxic . 
molecule (e.g., ricin). 

Within another aspect of the present invention, antibodies are provided 
lo" which are capable of specifically binding the above-described class of TGF-beta 
binding proteins (e.g, human BEER). Within various embodiments, the antibody may 
be a polyclonal antibody, or a monoclonal antibody (e.g., of human or murine origin). 
Within further embodiments, the antibody is a fiiagment of an antibody which retains 
the binding characteristics of a whole antibody (eg., an F(ab’) 2 , F(ab) 2 , Fab’, Fab, or Fv 
15 firagment, or even a CDR). Also provided are hybridomas and other cells which are 
capable of producing or expressing the aforementioned antibodies. 

Within related aspects of the invention, methods are provided detecting a 
TGF-beta binding protein, comprising the steps of incubating an antibody as described 
above under conditions and for a time sufficient to permit said antibody to bind to a 
20 TGF-beta binding protein, and detecting the binding. Within various embodiments the 
antibody may be boimd to a solid support to facilitate washing or separation, and/or 
labeled, (eg., with a marker selected from the group consisting of enzymes, fluorescent 
proteins, and radioisotopes). 

Within other aspects of the present invention, isolated oligonucleotides 
25 are provided which hybridize to a nucleic acid molecule according to Sequence ID NOs. 
1, 3, 5, 7, 9, 11, 13, 15, 17, or 18 or the complement thereto, under conditions of high 
stringency. Within further embodiments, the oligonucleotide may be found in the 
sequence which encodes Sequence ID Nos. 2, 4, 6, 8, 10, 12, 14, or 16. Within certain 
embodiments, the oligonucleotide is at least 15, 20, 30, 50, or 100 nucleotides in length. 
30 Within further embodiments, the oligonucleotide is labeled with another molecule (e.g.. 




an enzyme, fluorescent molecule, or radioisotope). Also provided are primers Avluch are 
capable of ^)ecifically amplifying all or a portion of the above-mentioned nucleic acid 
molecules which encode TGF-beta binding-proteins. As utilized herein, the term 
“specifically amplifying” should be understood to refer to primers which amplify the 
aforementioned XGF-beta’ binding-proteins, and not odier TGF-beta binding proteins 
such as Dan, Cerberus, Gremlin, or SCGF (U.S. Patent No. 5,780,263)* 

Within related aspects of the present invention, methods are provided for 
detecting a nucleic acid molecule vduch encodes a TGF-beta binding protein, 
comprising the steps of incubating an oligonucleotide as described above under 
contfitions of high stringency, and detecting hybridization of said oligonucleotide. 
Within certain embodiments, the oligonucleotide may be labeled and/or bound to a solid 
support. 

Within other aspects of the present invention, ribozymes are provided 
which are capable of cleaving RNA vduch encodes one of the above-mentioned TGF- 
beta binding-proteins (e.g.. Sequence ID NOs. 2, 6, 8, 10, 12, 14, or 16). Such 
ribozymes may be composed of DNA, RNA (including 2’-0-methyl ribonucleic acids), 
nucleic acid analogs (e.g., nucleic acids having phosphorothioate linkages) or mixtures 
thereof. Also provided are nucleic acid molecules (e.g-, DNA or cDNA) A^duch encode 
these ribozymes, and vectors which are capable of expressing or producing die 
ribozym^. Representative examples of vectors include plasmids, retrotransposons, 
cosmids, and viral-based vectors (e.g, viral vectors generated at least in part from a 
retrovirus, adenovirus, or, adeno-associated virus). Also provided are host cells (e.g., 
h uman, dog, rat, or mouse cells) which contain these vectors. In certain embodiments, 
the host cell may be stably transformed with the vector. 

Within further aspects of the invention, methods are provided for 
producing ribozymes either synthetically, or by in vitro or in vivo transcription. Within 
further embodiments, the ribozymes so produced may be further purified and / or 
formulated into pharmaceutical compositions (e.g., the ribozyme or nucleic acid 
molecule encoding the ribozyme along with a pharmaceutically acceptable carrier or 
diluent). Similarly, the antisense oligonucleotides and antibodies or other selected 




molecules described herein may be formulated into pharmaceutical compositions. 

Within other aspects of the present invention, antisense oligonucleotides 
are provided comprising a nucleic acid molecule which hybridizes to a nucleic acid 
molecule according to Sequence ID NOs. 1, 3, 5, 7, 9, 11, 13, or 15, or the complement 
5 thereto, and wherein said oligonucleotide inhibits the expression of TGF-beta binding 
protein as described herein (e g., human BEER). Within various embodiments, the 
oUgonucleotide is 15* 20, 25, 30, 35, 40, or 50 nucleotides in length. Preferably, the 
oligonucleotide is less than 100, 75, or 60 nucleotides in length. As should be readily 
evident, the oligonucleotide may be comprised of one or more nucleic acid analogs, 
1? ribonucleic acids, or deoxyribonucleic acids. Further, the oligonucleotide may be 
modified by one or more linkages, including for example, covalent linkage such as a 
phosphorothioate linkage, a phosphotriester linkage, a methyl phosphonate linkage, a 
methylene(methylimino) linkage, a morpholino link^e, an amide linkage, a polyamide 
linkage, a short chain alkyl intersugar linkage, a cycloalkyl intersugar linkage, a short 
15 chain heteroatomic intersugar linkage and a heterocyclic intersugar linkage. One 
representative example of a chimeric oligonucleotide is provied in U.S. Patent No. 
5,989,912. 

Within yet another aspect of the present invention, methods are provided 
for increasing bone mineralization, comjMising introducing into a warm-blooded a n i m al 
20 an effective amount of the ribozyme as described above. Within related aspects, such 
methods comprise the step of introducing into a patient an effective amount .of the 
nucleic acid molecule or vector as described herein which is capable of producing the 
desired ribozyme, under conditions favoring transcription of the nucleic acid molecule 
to produce the ribozyme. 

25 Within other aspects of the invention transgenic, non-human animals are 

provided. Within one embodiment a transgenic animal is provided who^ germ cells 
and somatic cells contmn a nucleic acid molecule encoding a TGF-beta binding-protein 
as described above which is operably linked to a promoter effective for the expression 
of the gene, the gene being introduced into the animal, or an ancestor of the animal, at 
30 an embryonic stage, with the proviso that said animal is not a human. Within other 
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embodiments, transgenic knockout animals are provided, comprising an animal vs^ose 
germ cells and somatic cells comprise a disruption of at least one allele of an 
endogenous nucleic acid molecule which hybridizes to a nucleic acid molecule which 
encodes a TGF-binding protein as described herein, >\iierein the disnq>tion prevents 
5 transcription of messenger RNA from said allele as compared to an animal without the 
disnq>tion, with the proviso that the anim al is not a human. Within various 
emborhments, the disruption is a. nucleic acid deletion, substitution, or, ins^on. 
Within other embodiments the transgenic animal is-a mouse, rat, sheep, pig, or dog. 

Within further aspects of the invention, kits are provided for the 
10 detection of TGF-beta binding-protein gene expression, comprising a container that 
comprises a nucleic acid molecule, therein the nucleic acid molecule is selected fiom 
the group consisting of (a) a nucleic acid molecule coniprising the nucleotide sequence 
of SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, or 15; (b) a nucleic acid molecule compri^g the 
complement of the nucleotide sequence of (a); (c) a nucleic acid molecule that is a 
^ 15 fiagment of (a) or (b) of at least 15, 20 30, 50, 75, or, 100 nucleotides in Idrgth, Also 
provided are kits for the detection of a TGF-beta binding-protein vliich comprise a 
container that comprise one of the TGF-beta binding protein antibodies described 
herein. 

For example, within one aspect of the present invention methods are 
20 provided for determining whether a selected molecule is capable of increasing bone 
mineral content, comprising the steps of (a) mixing one or more candidate molecules 
with TGF-beta-binding-protein encoded by the nucleic acid molecule according to 
claim 1 and a selected member of the TGF-beta family of proteins (e.g., BMP 5 or 6), 
(b) determining whether the candidate molecule alters the si^ialing of the TGF-beta 
25 family member, or alters die binding of the TGF-beta binding-protein to the TGF-beta 
family member. Within cert^ embodiments, the molecule alters the ability of TGF- 
beta to function as a positive regulator of mesenchymal cell differentiation. Within this 
aspect of the present invention, the candidate molecule(s) may alter signaling or binding 
by, for example, either decreasing (e.g, inhibiting), or increasing (e.g., enhancing) 
30 signaling or binding. 




Within yet another aspect, methods are provided for determining whether 
a selected molecule is capable of increasing bone mineral content, comprising the st^ 
of determining whether a selected molecule mhibits the binding of TGF-beta binding* 
protein to bone, or an analogue thereof. Representative examples of bone or analogues 
5 thereof include hydroxyapatite and primary human bone samples obtained via biopsy. 

Wi thin certain embodiments of the above-recited methods, the selected 
molecule is contained within a mixture of molecules and the metihods may further 
comprise the step of isolating one or more molecules which are functional within the 
assay. Within yet other embodiments, TGF-beta family of proteins is bound to a solid 
10 support and the binding, of TGF-beta binding-protein is measured or TGF-beta binding- 
protein are bound to a solid support and the binding of TGF-beta proteins are measured. 

Utilmng methods such as those described above, a wide variety of 
molecules may be assayed for their ability to increase bone mineral content by 
inhibiting the binding of the TGF-beta binding-protein to the TGF-beta family of 
15 proteins. Representative examples of such molecules include proteins or peptides, 
organic molecules, and nucleic acid molecules. 

Within other related aspects of the invention, methods are provided for 
increasing bone mineral content in a warm-blooded animal, comprising the step of 
administering to a warm-blooded animal a therapeutically effective amount of a 
20 molecule identified firom the assays recited herein. Within another aspect, methods are 
provided for increasing bone mineral content in a warm-blooded ammal, comprising the 
step of administering to a warm-blooded animal a therapeutically effective amount of a 
molecule which inhibits the binding of the TGF-beta binding-protein to the TGF-beta 
super-family of proteins, including bone morphogenic proteins (BMPs). Representative 
25 examples of suitable molecules include antisense molecules, ribo 2 ymes, ribozyme 
genes, and antibodies (e.g., a humamzed antibody) which specifically recognrze and 
alter the activity of the TGF-beta binding-protein. 

Within another aspect of the present invention, methods are provided for 
increasing bone mineral content in a warm-blooded animal, comprising the steps of 
30 (a) introducing into cells which home to the bone a vector which directs the expression 
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of a molecule vdiich inhibits the binding of the TGF-beta binding-ptotein to the TGF- 
beta family of proteins and bone moiphogenic proteins (BMPs), and (b) administering 
the vector-containing cells to a warm-blooded animal. As utilized herein, it should be 
imderstood that cells “home to bone” if they localize within the bone matrix after 
S peripheral administration. Within one embodiment, such methods further comprise, 
prior to the step of introducing, isolating cells ftom the marrow of bone which home to 
the bone. Within a further onbodiment, the cells wdiich home to bone are selected ftom 
the groiq> consisting of CD34-i- ceUs and osteoblasts. 

^thin other aspects of the presort invention, molecules are provided 
10 (preferably isolated) r^ch inhibit the bitiding of the TGF-beta binding-protein to the _ 
TGF-beta super-family of protems. 

Within further embodiments, the molecules may be provided as a 
composition, and can further comprise an inhibitor of bone resorption. Representative 
examples of such inhibitors include calcitonin, estrogen, a bisphosphonate, a growth 
15 factor having anti-resorptive activity and tamordfen- 

Representative examples of molecules which may be utilized in the 
tifore-mentioned therapeutic contexts include, e.g., ribozymes, ribozyme genes, 
antisense molecules, and/or antibodies (e.g., humanized antibodies). Such molecules 
may depending upon their selection, used to alter, antagonize, or agonize the signalling 
20 or binding of a TGF-beta binding-protein family member as described h^in 

Within various embodiments of the invention, the above-described 
molecules and methods of treatment or prevention may be utilized on conditions such as 
osteoporosis, osteomalasia, periodontal disease, scurvy, Cushing’s Disease, bone 
ftacture and conditions due to limb immobilization and steroid usage. 

25 These and other aspects of the present invention will become evident 

upon reference to the follovnng detailed description and attached drawings. In addition, 
various references are set forth herein which describe in more detail certain procedures 
or compositions (e.g., plasmids, etc.), and are therefore incorporated by reference in 
their entirety. 
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BRIEF DESCRIPTION OF THE DRA^GS . 

Figure 1 is a schematic illustration comparing the a min o acid sequence 
of Human Dan; Human Gremlin; Human Cerberus and Human Beer. Arrows indicate 
the Cysteine backbone. 

5 Figure 2 summarizes the results obtained from surveying a variety of 

human tissues for the ejq)ression of a TGF-beta binding-protein gene, specifically, the 
Human Beer gene. A semi-quantitative Reverse Transcription-Polymerase Chain 
Reaction (RT-PCR) procedure was used to amplify a portion of the gene fiom first- 
• ■ strand cDNA synthesized fit>rh total RNA (described in more detail in EXAMPLE 2A). 

10 Figure 3 summarizes the results obtained fiom RNA in s//u hybridization 

of mouse embryo sections, using a cRNA probe that is complementary to the mouse 
Beer transcript (described in more detail in EXIAMPLE 2B). Panel A is a transverse 
section of 10.5 dpc embryo. Panel B is a sagittal section of 12.5 dpc embryo and panels 
C and D are sagittal sections of 15.5 dpc embryos. 

15 Figure 4 illustrates, by western blot analysis, the specificity of three 

different polyclonal antibodies for their respective antigens (described in more detail in 
EXAMPLE 4). Figure 4A shows specific reactivity of an anti-H. Beer antibody for H. 
Beer antigen, but not H. Dan or H. Gremlin. Figure 4B shows reactivity, of an anti-H. 
Gremlin antibody for H. Greinlin antigen, but not H. Beer or H. Dan. Figure 4C shows 

20 reactivity of an anti-H. Dan antibody for H. Dan, but not H. Beer or H. Gremlin. 

Figure 5 illustrates, by western blot analysis, the selectivity of the* TGF- 
beta binding-protein. Beer, for BMP-5 and BMP-6, but not BMP-4 (described in more 
detail in EXAMPLE 5). 

Figure 6 demonstrates that the ionic interaction between the TGF-beta 

' 

25 binding-^protein. Beer, and BMP-5 has a dissociation constant in the 15-30 dM range. 




DETAILED DESCRIPTION OF THE INVE^mON 

Definitions 

Prior to setting forth the invention in detail, it may be helpful to an 
understanding thereof to set forth definitions of certain terms and to list and to define 
5 the abbreviations that will be used hereinafter. 

“Molecule” should be understood to include proteins or pq>tides 
- (e.g.y antibodies, recombinant binding partners, peptides with a desir^ binding 
afBnity), nucleic (c.g.,.DNA, RNA, chimeric nucleic acid molecules, and nucleic 
acid analogues such as PNA); and oiganic or inorganic compounds. 

“S» 

10 “TGF-beta” should be understood to include any known or novel 

member of the TGF-beta super-family, which also includes bone moiphogenic proteins 
(BMPs). 



* TGF-beta receptor” should be understood to refer to the receptor 
specific for a particular member of the TGF-beta siq}er-family (including bone 
15 morphogenic proteins (BMPs)). 

“TGF-beta binding-protein” should be understood to refer to a protein 
with specific binding affinity for a particular member or subset of membeis of the TGF- 
beta super-family (including bone morphogenic proteins (BMPs)). Specific examples 
of TGF-beta binding-proteins include proteins encoded by Sequence ID Nos. 1, 5, 7, 9, 
20 11, 13,andl5. 



Inhibiting the “binding of the TGF-beta binding-protein to the TGF-beta 
family of proteins and bone morphogenic proteins fBMPsl ” should be understood, to 
refer to molecules which allow the activation of TGF-beta or bone morphogenic 
proteins (BMPs), or allow the binding of TGF-beta family members including bone 
25 morphogenic proteins (BMPs) to their respective receptors, by removing or preventing 
TGF-beta fiom binding to TGF-binding-protein. Such inhibition may be accomplished, 
for example, by molecules which inhibit the binding of the TGF-beta binding-protein to 
specific members of theTGF-beta sup>er-family. 

“ Vector ” refers to an assembly which is capable of directing the 
30 expression of desired protein. The vector must include transcriptional promoter 
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elements which are operably linked to die gene(s) of interest The vector may be 
composed of either deoxyribonucleic acids (“DNA”), ribonucleic acids (“RNA”), or a 
combmahon of the two (e.g., a DNA-RNA chimeric). Optionally, the vector may 
include a polyadenylation sequrace, one or more restriction sites, as well as one or more 
5 selectable maricers such as neomycin phosphotransferase or hygromycin 
phosphotransferase. Additionally, depending on the host cell chosen and the vector 
employed, other genetic elements such as an origin of replication, additional nucleic 
acid restriction sites, enhancers, sequences conferring inducibility of transcription, and 
selectable markers, may also be incorporated into the vectors described herein. 

-as 

An isolated nucleic acid molecule’ * is a nucleic acid molecule that is not 
integrated in the genomic DNA of an organism. For example, a DNA molecule that 
encodes a TGF-binding protein that has been separated from the genomic DNA of a 
eukaryotic cell is an isolated DNA molecule. Another example of an isolated nucleic acid 
molecule is a chemically-synthesized nucleic acid molecule that is not integrated in the 
15 genome of an orgamsm. The isolated nucleic acid molecule may be genomic DNA, 
cDNA, RNA, or composed at least in part of nucleic acid analogs. 

An “isolated p olypeptide” is a polypeptide that is essentially free from 
contaminating cellular components, such as carbohydrate, lipid, or other proteinaceous 
impurities associated with the pol)q)eptide in nature. Within certain embodiments, a 
20 particular protein preparation contains an isolated polypeptide if it appears nomin^ly as 

a single band on SDS-PAGE gel with Coornassie Blue staining. “Isolated ” when 
referring to orgamc molecules means that the compounds are greater than 90 percent 
pure utilizing methods which are well known in the art (c.g., NMR, melting point). 

“Sclerosteosis” Sclerosteosis is a term that was qjplied by Hansen 
25 (1967) (Hansen, H. G., Sklerosteose.In: Opitz, H.; Schmid, F., Handbuch der 

Kinderheilkunde. Berliri; Springer (pub.) 6 1967. Pp. 351-355) to a disorder similar to 
van Buchem hyperostosis corticalis generalisata but possibly differing in radiologic 
appearance of the bone changes and in the presence of asymmetric cutaneous 
syndactyly of the index and middle fingers in many cases. The jaw has an unusually 
30 square appearance in this condition. 




IHumanized antibodies” are recombinant proteins in which murine 
complementary determining regions of monoclonal antibodies have been transferred 

fiom heavy and light variable chains of the murine immunoglobulin into a human 
variable domain. 

As used herein, an “antibody fragment ” is a portion of an antibody such 
as F(ab% F(ab)2, Fab’, Fab, and the like. Regvdless of structure, an antibody fr agm ent 
bmds with the same antigen that is recognized by the intact antibody: For example, an 
anti-TGF-beta binding-protein monoclonal antibody j&agment binds with an epitope of 
TGF-beta binding-protein. 

The term “antibody fragment” also includes any synthetic or genetically ’ 
enginee^ protein that acts like an antibody by binding to a specific antigen to form a 
complex. For example, antibody fiagments include isolated fiagments consisting of the 
light chain variable region, “Fv” fiagments consisting of the variable regions of the 
heavy and light chains, recombinant single chain polypeptide molecules in v\hich light 
and heavy variable regions are connected by a peptide linker (“sFv proteins”), and 
mi n i m al recogmtion umts consisting of the amino acid residues that mimic the 
hypervariable region. 

A “detectable label” is a molecule or atom which can be conjugated to an 
antibody moiety to produce a molwule useful for diagnosis. Examples of detectable 
labels include chelators, photoactive agents, radioisotopes, fluorescent agents, 
paramagnetic ions, enzymes, and other marker moieties. 

As used herein, an “immunoconi ugate” is a molecule comprising an anti- 
TGF-beta binding-protein antibody, or an antibody fiagment, and a detectable label. An 
immunoconjugate has roughly the same, or only slightly reduced, ability to bind TGF- 
beta bmdmg-jxotein after conjugation as before conjugation. 

Abbreviations: TGF-beta - “Transforming Growth Factor-beta”; TGF- 
bBP - “Transforming Growth Factor-beta binding-protein” (one representative TGF- 
bBP is designated “H. Beer”); BMP — “bone morphogenic protein”; PCR — 
polymerase chain reaction”; RT-PCR - PCR process in which RNA is first transcribed 
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into DNA at the first step using reverse transcriptase (RT); cDNA - any DNA made by 
copying an RNA sequence into DNA form. 

As noted above, the present invention provides a novel class of TGF-beta 
5 binding-proteins, as well as methods and compositions for increasing bone mineral 
content in warm-blooded animals. Briefly, the present inventions are based upon the 
unexpected discovery that a mutation in the gene ■winch racodes a noyel member of the 
TGF-beta binding-protein family results in a rare condition (sclerosteosis) characterized 
by bone mineral contents viiich are one- to four-fold higher than in normal individuals, 
ip Thus, as discussed in more detail below this discovery has led to the development of 
assays which may be utilized to select molecules >^ch inhibit die binding of the TGF- 

beta binding-protein to the TGF-beta family of proteins and bone morphogenic proteins 

(BMPs), and methods of utilizing such molecules for increasing the bone mineral 
content of warm-blooded animals (including for example, humaiis). 

15 Discussion of the Disease Known as Sclerosteosis 

Sclerosteosis is a term that was applied by Hansen (1967) (Hansen, H. 
G., Sklerosteose.In: Opitz, H.; Schmid, F., Handbuch der KinderheiUomde. Berlin: 
Springer (pub.) 6 1967. Pp. 351-355) to a disorder similar to van Buchem hyperostosis 
cordcalis generalisata but possibly differing in radiologic appearance of the bone 
20 changes and in the presence of asymmetric cutaneous syndactyly of the index and 
middle fingers in many cases. 

Sclerosteosis is now known to be an autosomal semi-dominant disorder 
which is characterized by widely disseminated sclerotic lesions of the bone in the adult. 
The condition is progressive. Sclerosteosis also has a developmental aspect which is 
25 associated with syndactyly (two or more fingers are fused together). The Sclerosteosis 
Syndrome is associated with large stature and many affected individuals attain a height 
of six feet or more. The bone mineral content of homo^gotes can be 1 to 6 fold over 
normal individuals and bone mineral density can be 1 to 4 fold above normal values 
(e.g., firom unaffected siblings). 
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The SclCTOSteosis Syndrome occurs primarily in Afirikaaners of Dutch 
descent in South Africa. Approximately 1/140 individuals in the Afrikaaner population 
are carriers of the mutated gene (hetero 2 ygotes). The mutation shows 100% penetrance. 
There are anecdotal reports of increased of bone mineral density in hetraozygotes with 
5 no associated pathologies (syndactyly or skull overgrowth). 

It appears at the present time that there is no abnormality of the pituitary- 
hypodralamus axis in Sclerosteosis. In particular, thm appears to be .no over- 
production of growth hormone and cortisone, in addition, sex hormone levels are 
normal in affected individuals. However, bone turnover markers (osteoblast specific 
alkaline phosphatase, osteocalcin, type 1 procoll^en C’ propeptide (PICP), and. total 
alkaline phosphatase; (see Cornier, C., Cvrr. Opin. in Rheu. 7:243, 1995) indicate that 
there is hyperosteoblastic activity associated widi the disease but that there is normal to 
slightly decreased osteoclast activity as measured by markers of bone resorption 
Q>yridinoline, deoj^ryridinoline, N-telopeptide, minaiy hydroxyproline, plasma 
15 tartrate-resistant acid phosphatases and galactosyl hydroxylysine (see Cornier, supra)). 

Sclerosteosis is characterized by the continual deposition of bOne 
throughout the skeleton during the lifetime of the affected individuals. In homozygotes 
the continual deposition of bone mineral leads to an overgrowth of bone in areas of the 
skeleton where there is an absence of mechanoreceptors (skull, jaw, cranium). In 
20 homo^gotes with Sclerosteosis, the overgrowfli of the bones of the skull leads to 
cranial compression and eventually to death due to excessive hydrostatic pressure pn the 
brain stem. In all other parts of the skeleton there is a generalized and diffuse sclerosis. 
Cortical areas of the long bones are greatly thickened resulting in a substantial increase 
in bone strragth. Trabecular connections are increased in thickness which in turn 
25 increases the strength ofthe trabecular bone. Sclerotic bones appear unusually opaque 
to x-rays. 

As described in more detail in Example 1, the rare genetic mutation that 
is responsible fi)r the Sclerosteosis syndrome has been localized to the region of human 
chromosome 17 that encodes a novel member of the TGF-beta binding-protein family 
30 (one representative example of which is designated “H. Beer”). As described in more 




detail below, based upon this discoveiy, the mechanism of bone mineralization is more 
fully \mderstood,~allowing the development of assays for moleciiles vdiich increase 
bone mineralization, and use of such molecules to increase bone mineral content, and in 
the treatment or prevention of a wide number of diseases. 

5 TGF-beta Super-family 

The Transforming Growth Factor-beta (TGF-beta) super-femily contains 
a variety of growth factors that ^lare common sequence elements and stmctural motife 
(at both the secondary and tertiary levels). This protein femily is known to exert a wide 
spectrum of biological responses on a large variety of cell types. Many of them have • 
10 impoTtant functions during the embryonal development in pattern formation and tissue 
specification; in adults they are involved, e.g., in wound healing and bone repair and 
bone remodeling, and in the modulation of the immune systemr In addition to the three 
TGF-beta’s, the super-family includes the Bone Morphogenic Proteins (BMPs), 
Activins, Inhibins, Growth and Differentiation Factors (GDFs), and Glial-Derived 
15 Neurotrophic Factors (GDNps). Primary classification is established through general 
sequence features that bin a specific protein into a general sub-family. Additional 
stratification within the sub-family is possible due to stricter sequence conservation 
between members of the smaller group. In certain instances, such as with BMP-5, 
BMP-6 and BMP-7, this can be as high as 75 percent amino acid homology between 
20 members of the smaller group. This level of identity enables a single representative 
sequence to illustrate the key biochemical elements of the sub-group that separates it 
firom other members of the larger family. 

TGF-beta signals by inducing the formation of hetero-oligomeric 
complexes of type I and type II receptors. The crystal structure of TGF-beta2 has been 
25 determined. The general fold of the TGF-beta2 monomer contains a stable, compact, 
cysteine knotlike structure formed by three disulphide bridges. Dimerization, stabilized 
by one disulphide bridge, is antiparallel. 

TGF-beta family members initiate their cellular action by binding to 
receptors with intrinsic serine/threonine kinase activity. This receptor family consists of 
30 two subfamilies, denoted type I and type II receptors. Each member of the TGF-beta 
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famil y binds to a characteristic combination of type I and type II receptors, both of 
which are neededfor signaling. In the current mo<tel for TGF-beta receptor activation, 
TGF-beta first binds to the type II receptor (TbR-II), vdiich occurs in the cell membrane 
in an oligomeric form with activated kinase. Thereafter, the type I receptor (TbR-I), 

5 which can not bind ligand in the absence of TbR-II, is recruited intothe complex. TbR- 
II then phosphoiylates TbR-I predominantly in a domain rich in glycine and serine 
residues (GS domrun) ih the juxtaniembrane region, and thereby activates TbR-I. 

Thus far seven type I receptors and five type II receptors have been 

identified. 

10 Bone Morphogenic Protfins tBMPsI are Key Regulatory Proteins in 

Determining Bone Mineral Density in Humans 
■ A major advance in the understanding of bone formation was die 
identification of die bone morphogenic proteins (BMPs), also known as osteogenic 
proteins (OPs), vtoch regulate cartilage and bone differentiation in vivo. BMPs/OPs 
15 induce endochondral bone differentiation through a cascade of events which include 
formation of cartilage, hypertrophy and calcification of the cartilage, vascular invasion, 
difierentiation of osteoblasts, and formation of bone. As described above, the 
- BMPs/OPs (BMP 2-14, and osteogenic protein 1 and -2, OP-1 and OP-2) are members 
of the TGF-beta super-family. The strikii^ evolutionary conservation between 
20 members the BMP/OP sub-family suggests that they are critical in the iiormal 
development and function of animals. Moreover, the presence of multiple forms of 
BMPs/OPs raises an important question about the biological relevance of this apparent 
redundancy. In addition to postfetal chondrogenesis and osteogenesis, the BMPs/OPs 
play multiple roles in skeletogenesis (including the development of cramofacial and 
25 dental tissues) and in embryonic development and organogenesis of parenchymatous 
organs, including the kidney. It is now understood that nature relies on conunon (and 
few) molecular mechanisms tailored to provide the emergence of specialized tissues and 
organs. The BMP/OP super-family is an elegant example of nature parsimony in 
prograrruning multiple specialized functions deploying molecular isoforms with minor 
30 variation in amino acid motifs within highly conserved carboxy-terminal regions. 




BMP Antagonism 



The BMP and Activin sub-femilies are subject to si^ficant post- 
translational regulation. An intricate extracellular control system exists, whereby a high 
affini ty antagonist is synthesized and exported, and subsequently complexes selectively 
vwth BMPs or activins.to disrupt their biological activity (W.C. Smith (1999) TIG 15(1) 
3-6). A number of these natural antagonists have been identified, and based on 
sequence divergence appesx to have evolved independently due to the lack of primary 
sequence conservafiom There has been no structural work to date on this class of 
proteins. Studies of these antagonists has highlighted a distinct preference for 
interacting and neutraliang BMP-2 and BMP-4. Furthermore, the mechanism of 
inhibition seems to differ for the different antagonists (S. lemura et al. (199^) Proc Natl 
Acad Set USA 95 9337-9342y 

Novel TGF-beta Binding-proteins 

1. Background re: TGF-beta binding-proteins 

As noted above, the present invention provides a novel class of TGF-beta 
binding-proteins that possess a neariy identical cysteine (disulfide) scaffold when 
comped to Human DAN, Human Gremlin, and Human Cerberus, and SCGF (U.S. 
Patent No. 5,780,263) but almost no homology at the nucleotide level (for background 
inf ormation, see generally Hsu, D.R., Economides, A.N., Wang, X., Eimon, P.M., 
Harland, R.M., '"The Xenopus Dorsalizing Factor Gremlin Identifies a Novel Family of 
Secreted Proteins that Antagonize BMP Activities,” A/o/eew/ar Cell 7:673-683, 1998). 

One representative example of the novel class of TGF-beta binding- 
pmteins is disclosed in Sequence ID Nos. 1, 5, 9, 11, 13, and 15. Repres^tative 
members of this class of binding proteins should also be understood to include variants 
of the TGF-beta binding-protein (e.g.. Sequence ID Nos. 5 and 7). As utilized herein, a 
“TGF-beta binding-protein variant gene” refers to nucleic acid molecules that encode a 
polypeptide having an amino acid sequence that is a modification of SEQ ID Nos. 2, 10, 
12, 14 or 16. Such variants include naturally-occurring polymorphisms or allelic 
variants of TGF-beta binding-protein genes, as well as synthetic genes that contain 




coDS^vative amino acid substitutions of these amino acid sequences. Additional 
variant fonns of" a TGF-beta binding-protein gene are nucleic acid molecules that 
contain insertions or deletions of the nucleotide sequences described herein. TGF-beta 
binding-protein variant genes can be identified by determimng whether the genes 
5 hybridize with a nucleic acid molecule having the nucleotide sequence of SEQ ID Nos: 
1, 5, 7, 9, 11, 13, or 15 under stringmit conditions. In addition, TGF-beta binding- 
protein variant genes should encode a protein having a cysteine backbone. 

As an alternative, TGF-beta binding-protein variant genes can be. 
identified by sequence comparison. As. used herein, two amino acid sequences have 
W “100% amino acid sequence identity” if the amino acid residues of the two amino acid 
sequences are the same wdien aligned for maximal correspondence. Snnilarly, two 
nucleotide sequences have “100% nucleotide sequence identity” if the nucleotide 
residues of the two nucleotide sequences are the same when aligned for maximal 
correspondence. Sequence comparisons can be performed using standard software 
15 programs such as those included in the LASERGENE bioinformatics computing suite, 
which is produced by DNASTAR (Madison, Wisconsin). Other methods for comparii^ 
two nucleotide or amino acid sequences by determining optimal aligtunent are well- 
known to those of skill in tire art (see, for example, Peruski and Peruski, The Internet 
and the New Biology: Tools for Genomic and Molecular Research (ASM Press, Inc. 
20 1997), Wu et al. (eds.), “Information Superiiighway and Computer Databases of Nucleic 

Acids and Proteins,” in Methods in Gene Biotechnology, pages 123-151 (CRC. Press, 
Inc. 1997), and Bishop (ed.). Guide to Human Genome Computing, 2nd Edition 
(Academic Press, Inc. 1998)). 

A va rian t TGF-beta binding-protein should have at least a 50% amino 
25 acid sequence identity to SEQ ID NOs: 2, 6, 10, 12, 14 or 16 and preferably, greater 
than 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% identity. Alternatively, TGF-beta 
binding-protein variants can be identified by having at least a 70% nucleotide sequence 
identity to SEQ ID NOs: 1, 5, 9, 11, 13 or 15. Moreover, the present invention 
contemplates TGF-beta binding-protein gene variants having greater than 75%, 80%, 
30 85%, 90%, or 95% identity to SEQ ID NO:l . Regardless of the particular method used 
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to identify a TGF-beta binding-protein variant gene or variant TGF-beta binding- 
protein, a variant TGF-beta binding-protein or a polypeptide encoded by a variant TGF- 
beta binding-protein gene can be functionally characterized by, for example, its ability 
to bind to and/or inhibit the signaling of a selected member of the TGF-beta &mily of 
5 proteins, or by its ability to bind specifically to an anti-TGF-beta binding-protein 
antibody. 

The present invention includes functional fiagments of TGF*beta 
binding-protein genes. Wtiiin the context of this invention, a “functional fragment” of 
a TGF-beta binding-protein gene refers to a nucleic acid molecule that encodes a 
1? portion of a TGF-beta binding-protein polypeptide vdiich either (1) possesses the 
above-noted function activity, or (2) specifically binds with an anti-TGF-beta binding- 
protein antibody. For example, a functional fragment of a TGF-beta binding-protein 
gene described herein comprises a portion of the nucleotide sequence of SEQ ID Nos: 1, 
5,9, 11, 13, or 15. 

15 2. Isolation of the TGF-beta binding-protein gene 

DNA molecules encoding a binding-protein gene can be obtained by 
screening a human cDNA or genomic library using polynucleotide probes based upon, 
for example, SEQ ID NO:l. 

For example, the first step in the preparation of a cDNA library is to 
20 isolate RNA using methods well-known to those of skill in the art. In general, RNA 
isolation techniques must provide a method for breaking cells, a means of inhibiting 
RNase-directed degradation of RNA, and a method of separating RNA frrom DNA, 
protein, and polysaccharide contaminants. For example, total RNA can be isolated by 

freezing tissue in liquid nitrogen, grinding the frx)zen tissue with a mortar and pestle to 

% 

25 lyse the cells, extracting the ground tissue with a solution Of phenol/chloroform to remove 
proteins, and separating RNA frrom the remaining impurities by selective precipitation 
with lithium chloride (see, for example, Ausubel et al. (eds.). Short Protocols in 
Molecular Biology, 3rd Edition, pages 4-1 to 4-6 (John Wiley & Sons 1995) [“Ausubel 
(1995)”]; Wu et al.. Methods in Gene Biotechnology, pages 33-41 (CRC Press, Inc. 1997) 




[“Wu(1997)”]). 

AKematively, total RNA can be isolated by extracting groimd tissue with 
guanidinium isothiocyanate, extracting with oiganic solvents, and separating RNA fiom 
contaminants using dififeiential centrifugation (see, for example, Ausubel (1995) at pages 
4-1 to 4-6; Wu (1 997) at pages 33-41 ). 

In order to construct a cDNA library, poly(A)* RNA must be isolated from 
a total RNA preparation. Poly(A)* RNA can be isolated from total RNA by usic^ the 
standard technique of oligo(dT)K:ellulose chromatography (see, for example, Ausubel 
(1995) at pages 4-1 1 to 4-12). 

Double-stranded ,cDNA molecules are synthesized from poly(A)* RNA 
using techniques well-known to those in the art (see, for example, Wu (1997) at pages 
41-46). Moreover, commercially available kits can be used to synthesize double- 
stranded cDNA molecules! For example, such kits are available fiom Life 
Technologies, Inc. (Gaithersburg, Maryland), CLONTECH Laboratories, Inc. (Palo 
Alto, California), Promega Corporation (Madison, Wisconsin) and Stratagene Cloning 
Systems (La Jolla, California). 

The basic approach for obtaining TGF-beta binding-protein cDNA clones 
can be modified by constructing a subtracted cDNA library which is enriched in TGF- 
binding-protein-specific cDNA molecules. Techniques for constructing subtracted 
libraries are well-known to those of skill in the art (see, for example, Sargent, ‘‘Isolation of 
Differentially Expressed Genes,” in A/et/i. £/lg^'/no/. 752:423, 1987, and Wu et al. .(eds.), 
“Construction and Screening of Subtracted and Complete Expression cDNA Libiaries,” in 
Methods in Gene Biotechnology, pages 29-65 (CRC Press, Inc. 1 997)). 

Various cloning vectors are appropriate for the construction of a cDNA 
library. For example, a cDNA library can be prepared in a vector derived from 
bacteriophage, such as a XgtlO vector (see, for example, Huynh et al., “Constructing 
and Screening cDNA Libraries in XgtlO and Xgtll,” in DNA Cloning: A Practical 
Approach Vol. /, Glover (ed.), page 49 (IRL Press, 1985); Wu (1997) at pages 47-52). 

Alternatively, double-stranded cDNA molecules can be inserted into a 
plasmid vector, such as a pBluescript vector (Stratagene Cloning Systems; La Jolla, 




Califoraia), a LambdaGEM-4 (Promega Corp.; Madison, Wisconsin) or oflier 
commercially av^eible vectors. Suitable cloning vectors also can be obtained fix)m the 

American Type Culture Collection (Rockville, MaiylantO- 

In order to amplify the cloned cDNA molecules, the cDNA library is 
5 inserted into a prokaryotic host, using standard techniques. For example, a cDNA library 
can be introduced into competent K coli DH5 cells, vtdiich can be obtained from Life 
Technologies, Inc. (Gaithersburg, Maryland). 

A human genomic DNA library can be prepared by means well-known in 
the art (see, for example, Ausubel (1995) at pages 5-1 to 5-6; Wu (1997) at pages 307- 
10 327). Genomic DNA can be isolated by lysing tissue with the determent Sarkosyl, 

digesting the lysate with proteinase K, clearing insoluble debris from the lysate by 
centrifirgation, precipitating nucleic acid from tte lysate using isopropanol, and purifying 
resuspended DNA on a cesium chloride density gradient 

DNA fragments that are suitable for the production of a genomic library 
15 can be obtamed by the random shearing of genomic DNA or by the partial digestion of 
genomic DNA with restriction endonucleases. Genomic DNA fragments can be inserted 
into a vector, such as a bacteriophage or cosmid vector, in accordance with crniventional 
techmques, such as the use of restriction enzyme digestion to provide appropriate termini, 
the use of alkaline phosphatase treatment to avoid undesirable joining of DNA molecules, 
20 and ligation with appropriate ligases. Techniques for such manipulation are well-known 
in the art (see, for example, Ausubel (1995) at pages 5-1 to 5-6; Wu (1997) at pages 
307-327). 

- Nucleic acid molecules that encode a TGF-beta binding-protein gene can 
also be obtained using the polymerase chain reaction (PCR) with oligonucleotide 
25 primers having nucleotide sequences that are based upon the nucleotide sequences of 
the human TGF-beta binding-protein gene, as described herein. General methods for 
screening libraries with PCR are provided by, for example, Yu et al., “Use of the 
Polymerase Chain Reaction to Screen Phage Libraries,” in Methods in Molecular 
Biology, Vol. 15: PCR Protocols: Current Methods and Applications, White (ed.), 
30 pages 211-215 (Humana Press, Inc. 1993). Moreover, techniques for using PCR to 




isolate related genes are described by, for example, Preston, ‘‘Use of Degoierate 
Oligonucleotide Rimeis and the Polymerase Chain Reaction to Clone Gene Family 
Members,” in Methods in Molectdar Biology, Vol. 15: PCR Protocols: Current 
Methods and Applications, White (ed.), pages 317-337 ^mnana Press, Inc. 1993). 

S Alternatively, human genomic libraries can be obtained from commercial 

sources such as Research Genetics (Huntsville, AL) and the American Type Culture 
Collection (Rockville, MarylancQ. 

A library containing cDNA or genomic clones can be screened with one or 
more polynucleotide probes based iqjon SEQ ID NO: 1, using standard methods (see, fin- 
example, Ausubel (1995) at pages 6-1 to 6-1 1). 

Anti-TGF-beta binding-protein antibodies, produced as described below, 
can also be used to isolate DNA sequences that encode TGFrbeta binding-protein genes 
fiom cDNA libraries. For example, the antibodies can be used to screen Xgtll 
expression libraries,' or the antibodies can be used for immunoscreening following 
15 hybrid selection and translation (see, for example, Ausubel (1995) at pages 6-12 to 6- 
16; Maigolis et al., “Screening X expression libraries with antibody and protein probes,” 
in DNA Cloning 2: Expression Systems, 2nd Edition, Glover et al (eds.), pages 1-14 
(Oxford University Press 1995)). 

The sequence of a TGF-beta binding-protein cDNA or TGF-beta 
20 binding-protein genomic fragment can be determined using standard methods. 
Moreover, the identification of genomic fragments containing a TGF-beta binding- 
protein promoter or regulatory element can be achieved using well-established 
techniques, suCh as deletion analysis (see, generally, Ausubel (1995)). 

As an alternative, a TGF-beta binding-protein gene can be obt^ed by 
25 synthesizing DNA molecules using mutually priming long oligonucleotides and the 
nucleotide sequences described harein (see, for example, Ausubel (1995) at pages 8-8 to 
8-9). E^blished techniques using the polymerase chain reaction provide the ability to 
synthesize DNA molecules at least two kilobases in length (Adang et al.. Plant Molec. 
Biol. 27:1131, 1993; Bambot et al., PCR Methods and Applications 2:266, 1993; Dillon 
30 et al., “Use of the Polymerase Chain Reaction for the Rapid Construction of Synthetic 
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X ^ V- Genes,” in Methods in Molecular Biology, Vol. 15: PCR Protocols: Current Methods 

and Applicationsr^\& (ed), pages 263-268, (Humana Press, Inc. 1 993); Holowachuk 
etaL, PC^ -/-299, 1995). 



3. Production of TGF-beta binding-protein genes 

5 Nucleic acid molecules encoding variant TGF-beta binding-protein 

gen^ can be obtained by scre»iing various cDNA or genomic libraries vwth 
polynucleotide probes having nucleotide sequences^based upon SEQ ID NO;l, 5, 9, 1 1, 
13, or 15, using procedures described above. TGF-beta binding-protein gene variants. 

-to 

can also be constructed synthetically. For example, a nucleic acid molecule can be 
10 devised that encodes a polyp^tide having a conservative amino acid change, compared 
with the amino acid sequence of SEQ ED NOs: 2, 6, 8, 10, 12, 14, or 16. That is, 
variants can be obtained that contain one or more amino acid substitutions of SEQ ID 
NOs: 2, 6, 8, 10, 12, 14 or 16, in which an alk>'l amino acid is substituted for an alkyl 
amino acid in a TGF-beta binding-protein amino acid sequence, an aromatic amino acid 
15 is substituted for an aromatic amino acid in a TGF-beta binding-protein amino acid 
sequence, a sulfur-containiog amino acid is substituted for a suliur-containing aminn 
acid in a TGF-beta binding-protein amino acid sequence, a hydroxy-containing amino 
acid is substituted for a hydroxy-containing amino acid in a TGF-beta binding-protein 
amino acid sequence, an acidic amino acid is substituted for an acidic amino acid in a 
20 TGF-beta binding-protein amino acid sequence, a basic amino acid is substituted for a 
basic amino acid in a TGF-beta binding-protein amino acid sequence, or a dibeisic 
monocarboxylic amino acid is substituted for a dibasic monocarboxylic aminn acid in a 
TGF-beta binding-protein amino acid sequence. 

Among the common amino acids, for example, a “conservative amino 
25 acid substitution” is illustrated by a substitution among amino acids wi thin each of the 
following groups: (1) glycine, alanine, valine, leucine, and isoleucine, (2) 
phenylalanine, tyrosine, and tryptophan, (3) serine and threonine, (4) aspartate and 
glutamate, (5) glutamine and asparagine, and (6) lysine, arginine and histidine. In 
making such substitutions, it is important to, where possible, maintain the cysteine 




backbone outlined in Figure 1. 

Conservative knino acid changes in a TGF-beta bindii^-protein gene 
can be introduced by substituting nucleotides for the nucleotides recited in SEQ ID 
NO:l. Such “conservative amino acid” variants can be obtained, for example, by 
5 oligonucleotide-directed mutagenesis, linker-scanning mutagenesis, mutagenesis using 
the polymerase chain reaction, and the like (see Ausubel (1995) at pages 8-10 to 8-22; 
and McPherson (ed.). Directed Mutagenesis: 4 Practical Approach (IRL Press 1991)). 
The functional ability of such variants can be determined using a standard method, such 
as the assay described hwin. Alternatively, a variant TGF-b^ binding-^protein 
lo’ polypeptide can be identified by the ability to specifically bind anti-TGF-beta binding- 
protein antibodies. 

Routine deletion analyses of nucleic acid molecules can be performed to 
obtain “functional fiagments” of a nucleic acid molecule that encodes a TGF-beta 
binding-protein polypeptide. As an illustration, DNA molecules having the nucleotide 
15 sequence of SEQ ID NO:l can be digested with RaBl nuclease to obtain a series of 
nested deletions. The fiagments are then inserted into expression vectors in proper 
reading fiame, and the expressed polypeptides are isolated and tested for activity, or for 
• the ability to bind anti-TGF-beta binding-protein antibodies. One alternative to 
exonuclease digestion is to use oligonucleotide-directed mutag«>esis to introduce 
20 deletions or stop codons to specify production of a desired fiagmenL Alternatively, 
particular fiagments of a TGF-beta binding-protein gene can be synthesized using the 
polymerase chain reaction. 

Standard techniques for functional analysis of proteins are described by, 
for example, Treuter et al., Molec. Gen. Genet. 240:113, 1993; Content et al., 
25 “Expression and prelinunary deletion analysis of the 42 kDa 2-5 A ^mthetase induced 
by human interferon,” in Biological Interferon Systems, Proceedings of ISIR-TNO 
Meeting on Interferon Systems, Cantell (ed.), pages 65-72 (Nijhoff 1987); Herschman, 
“The EGF Receptor,” in Control of Animal Cell Proliferation. Vol. I, Boynton et al., 
(eds.) pages 169-199 (Academic Press 1985); Coumailleau et al., J. Biol. Chem. 
270:29270, 1995; Fukunaga et al., J. Biol. Chem. 270:25291, 1995; Yamaguchi et al.. 
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Biochem, Pharmacol. 50:1295, 1995; and Meisel et aL, Plant Molec. Biol, iftl, 1996. 

The present invention also contemplates functional ftagmaits of a TGF- 
beta binding-{)rotein gene that have conservative amino acid changes. 

A TGF-beta binding-protein variant gene can be identified on the basis 
5 of structure by determining the level of identity with nucleotide and amino acid 
sequences of SEQ ID NOs: 1, 5, 9, 11, 13, or, 15 and 2, 6, 10, 12, 14, or 16, as 
discussed above. An alternative approach to identifying a vanant-gene on the basis of 
structure is to determine whether a nucleic acid molecule encoding a potential variant 
TGF-beta binding-protein gene can hybridize under stringent conditions to a nucleic 
[o’ acid molecule having the nucleotide sequence of SEQ ID Nos: 1, 5, 9, 1 1, 13, or, 15, or 
a portion thereof of at lea^ 15 or 20 nucleotides in lengtL As an illustration of 
stringent hybridization conditions, a nucleic acid molecule having a variant TGF-beta 
binding-protein sequence can bind with a fragment of a nucleic acid molecule having a 
sequence fiom SEQ ID NO:l in a buffer containing, for example, 5xSSPE (IxSSPE = 
15 180 mM sodium chloride, 10 mM sodium phosphate, 1 mM EDTA (pH 7.7), 

5xDenhardt’s solution (lOOxDenhardt’s = 2% (w/v) bovine serum albumin, 2% (w/v) 
Ficoll, 2% (w/v) polyvinylpyrrolidone) and 0.5% SDS incubated overnight at 55-60®C. 
Post-hybridization washes at high stringency are typically performed in O.SxSSC 
(IxSSG = 150mM sodium chloride, 15 mM trisodium citrate) or in 0.5xSSPE at 55-60° 



20 G. 

Regardless of the particular nucleotide sequence of a variant TGF-beta 
binding-protein gene, the gene encodes a polypeptide that can be characterized by its 
functional activity, or by the ability to bind specifically to an anti-TGF-beta binding- 
protein antibody. More specifically, variant TGF-beta binding-protein genes encode 
25 polypeptides which exhibit at least 50%, and preferably, greater than 60, 70, 80 or 90%, 
of the activity of polypeptides encoded by the human TGF-beta binding-protein gene 
described herein. 



4 . 



Production of TGF-beta binding-protein in Cultured Cells 

To express a TGF-beta binding-protein gene, a nucleic acid molecule 





oicoding Ihe polypeptide must b^operably link^ to regulatory seqi^ces that control 
transcriptional expression in an egression vector and then introduced into a host cell. In 
addition to transcriptional regulatory sequences, such as promoters and enhancers, 
egression vectors can include translational regulatory sequences and a marker gene 
5 which is suitable for selection of cells that carry the expression vector. 

Expression vectors that are suitable for production of a foreign protein in . 
eukaryotic cells typically contain (1) prokaryotic DNA elements coding for a bacterial 
replication origin and an antibiotic resistance marker to provide fin' the growth and 
selection of the e^^ression vector in a bacterial host; (2) eukaryotic DNA elements that 
m control initiation of transcription, such as a promoter; and (3) DNA elements that control 
tiie processing of transcripts, such as a transcription tcTmination/polyadenylation 
sequence. 

. TGF-beta bin ding -proteins of the present invention are preferably 
expressed in mammalian cells. Examples of mammalian host cells include Afincan green 
15 monkey kidney cells (Vero; ATCC CRI. 1587), human embryonic kidney cells (293- 
HEK; ATCC CRL 1 573), baby hamster kidney cells (BHK-21 ; ATCC GRL«544), canine 
kidney cells (MDCK; ATCC CCL 34), Chinese hamster ovary ceUs (CHO-Kl; ATCC 
CCL61), rat pituitary cells (GHl; ATCC CCL82), HeLa S3 cells (ATCC CCL2.2), rat 
hepatoma cells (H-4-II-E; ATCC CRL 1548) SV40-transformed monkey kidney cells 
20 (COS-1; ATCC CRL 1650) and murine embryonic cells (NIH-3t3; ATCC CRL 1658). 

For a mammali an host, the transcriptional and translational regidatory 
signals may be derived from viral sources, such as adenovirus, bovine papilloma vu:us, 
simian virus, or the like, in which the regulatory signals are associated with a particular 
gene which has a high level of e^qjression. Suitable transcriptional and translational 
25 regulatory sequences also can be obtained from mammalian genes, such as actin, collagen, 

myosin, and metallothioneingenes. 

Transcriptional regulatory sequences include a promoter region sufficient 
to direct the initiation of RNA synthesis. Suitable eukaryotic promoters include the 
promoter of the mouse metallothioneinl gene (Hamer et al., J. Molec. Appl. Genet. 7.273, 
30 1982], the TK promoter of Herpes virus [McKnight, Cell 31:355, 1982], the SV40 early 




promoter (Benoist et al.. Nature 25>ft304, 1981], the Rous sarcoma virus promoter 
[Gorman fA al., Proc Nat’lAcad Set USA 79:611% 1982], flie cytomegalovirus promota: 
[Foeckinget al.. Gene 101 ,1980], and the mouse mammary tumor virus promoter (see, 

generally, Etcheverry, “Expression of Engineered Proteins in Mammalian Cell Culture,” 

5 in Protein Engineering: Principles and Practice, Cleland et al. (eds.), p^es 163-181 
(John Wiley & Sons, Inc. 1996)). 

Alternatively, a prokaryotic promoter, such as the bacteriophage T3 RNA 
polymerasepromoter, can be used to control TGF-beta binding-protein gene expression in 
mammalian cells if thc prokaryotic promoter is regulated by a eukaryotic promoter (Zhou 
it etal.,Afo/. Cell. Biol. 10:4529, 1990; Ksa&nankal.,Nucl. Acids Res. 79:4485; 1991). 

TGF-beta binding-protein genesmay also be e:q)ressed in bacterial, yeast, 
insect, or plant cells. Suitable promoters th^ can be used to express TGF-beta binding- 
protein polypeptides in a prokaryotic host are well-known to those of skill in the art and 
include promoters capable of recogni 2 ing the T4, T3, Sp6 and T7 polymerases, the Pr 
15 and Pl promoters of bacteriophage lambda, the trp, recA, heat shock, lacUVS, tac, Ipp- 
lacSpr,phoA, and /ateZ promoters oiE. colv, promoters of B. subtilis, the promoters of 
the bacteriophages of Bacillus, Streptomyces promoters, the int promoter of bacterio- 
phage lambda, the bla promoter of pBR322, and the CAT promoter of the chloram- 
phenicol acetyl transferase gene! Prokaryotic promoters have been reviewed by Click, 
20 J. Ind Microbiol. 1:211, 1987, Watson et aL, Molecular Biology of the Gene, 4th Ed 
(Benjamin Cummins 1987), and by Ausubel etaL (1995). 

Preferred prokaryotic hosts include E. coli and Bacillus subtilus. 
Suitable strains of E. coli include BL21(DE3), BL21(DE3)pLysS, BL21(DE3)pLysE, 
DHl, DH4I, DH5, DH5I, DH5IF’, DH5IMCR, DHIOB, DH10B/p3, DHllS, C600, 
25 HBlOl, JMlOl, JMi05, JM109, JMllO, K38, RRl, Y1088, Y1089, CSH18, ER1451, 
and ER1647 (see, for example. Brown (Ed.), Molecular Biology Labfax (Academic 
Press 1991)). Suitable strains of Bacillus subtilus include BR151, YB886, Mil 19, 
MI 120, and B170 (see, for example. Hardy, “Bacillus Cloning Methods,” in DNA 
Cloning: A Practical Approach, Glover (Ed.) (IRL Press 1985)). 

Methods for expressing proteins in prokaryotic hosts are well-known to 
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those of skill in the art (see, for example, Williams et aL, “Emression of foreim 

' •’■ •* “ ■• 5‘ V ■■ ' n, . _v ' O 

proteins in K coli using plasmid vectors and purification of '^pe^c ’p^^ 
antibodies,” in DNA Cloning 2: Expression Systems, 2nd Edition, Glover et al. (eds.), 
page 15 (Oxford University Press 1995); Ward et al., ‘Genetic Manipulation and 
Expression of Antibodies,” in Monoclonal Antibodies: Principles and Applications, 



page 137 (Wiley-Liss, Inc. 1995); and Georgiou, “Ejq)ression of Proteins in Bacteria,” 
iri Protein Engineering: Principles arul Practice, Cleland et al. (eds.), page 101 (John 
Wiley & Sons, Inc. 1996)). 



The baculovirus system provides an efGcient means to introduce cloned 
iS* TGF-beta binding-protein genes into insect cells. Suitable expression vectors are based 
upon the y^u/ogrqp/ta califomica multiple nucl^ polyhedrons virus (AcMNPV), and 
contain well-known promoters such as Drosophila heat shock protein (hsp) 70 
promoter, Autographa califomica nuclear i^lyhedtosis virus immediate-early gene 
promoter (/c-7) and the delayed early 39K promoter, baculovirus plO promoter, and the 
15 Drosophila metallothionein promoter. Suitable insect host cells include cell lines 
derived fiom lPLB-i^21, a Spodoptera frugiperda pupal ovarian cell line, such as SJ9 
(ATCC CRL 1711), ^lAE, and SfZl (Invitrogen Corporation; San Diego, CA), as 
well as Drosophila Schneider-2 cells. Established techniques for producing 
recombinant proteins in baculovirus systems are provided by Bailey et al., 
20 “Manipulation of Baculovirus Vectors,” in Methods in Molecular Biology, Volume 7: 
Gene Tranter and Expression Pro/oco/s, Murray (ed.), pages 147-168 (The Hu mana 
Press, Inc. 1991), by Patel et al., “The baculovirus expression system,” in DNA Cloning 
2: Expression Systems, 2nd Edition, Glover et al. (eds.), pages 205-244 (Oxford 
University Press 1995), by Ausubel (1995) at pages 16-37 to 16-57, by Richardson 
25 (ed.), Baculovirus Expression Protocols (The Humana Press, Inc. 1995), and by 

Lucknow, “Insect Cell Expression Technology,” in Protein Engineering: Principles and 
Practice, Cleland et al. (eds.), pages 183-218 (John Wiley & Sons, Inc. 1996): 

Promoters for expression in yeast include promoters fiom GALl 
(galactose), PGK (phosphoglycerate kinase), ADH (alcohol dehydrogenase), AOXl 
30 (alcohol oxidase), HIS4 (histidinol dehydrogenase), and the like. Many yeast cloning 
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vectors have been designed and are readily available. These vectors include YIp*bas«i 
VTOtors, such as YIp5, YRp vectors, such as YRpl7, YEp vectors such as Y1^13 and “ ' 
YCp vectors, such as YCpl9. One skilled in the art will ^predate that there are a wide 
variety of suitable vectors for e^qpression in yeast cells. 

S Expression vectors can also be introduced into plant protoplasts, intact 

plant tissues, or isolated plant cells. General methods of culturing plant tissues are 
. provided, for exdnple, by Miki et aL, “Procedures for Introducing Foreign DNA into . 
Plants,” in Methods in Plant Molecular Biology and Biotechnologyy Glide et aL (eds.), 
pages 67-88 (CRC Press, 1993). 

iS* An expression vector' can be introduced into host cells using a variety of 

standard techniques including calcium pho^hate transfection, liposome-n^ated 
- transfection, microprojectile-mediateddeliveiy, electroporation, and the like. Preferably, 
the transfected cells are selected and propagated to provide recombinant host cells that 
comprise the ejq)rcssion vector stably integrated in the host cell genome. Techniques for 

15 introducing vectors into eukaryotic ceils and techniques for selecting such stable 
transformants using a domirmit selectable marker are described, for exartq)le, by Ausubei 
(1995) and by Murray (ed.). Gene Transfer and Expression Protocols (Humana Press 
1991). Methods for introducing expression vectors into bacterial, yeast, insect, and plant 
cells are also provided by Ausubei (1995). 

20 General methods for expressing and recovering foreign protein produced 

by a manunalian cell system is provided by, for example, Etcheverry, “Expression of 
Engineered Proteins in Mammalian Cell Culture,” in Protein Engineering: Principles and 
Practice, Cleland et al. (eds.), pages 163 (Wiley-Liss, Inc. 1996). Standard techniques for 
recovering protein produced by a bacterial system is provided by, for exarnple, 

25 CJrisshammer et al, “Purification of over-produced proteins firom E. coli cells,” in DNA 
Cloning 2: Expression Systems, 2nd Edition, Glover et al (eds.), pages 59-92 (Oxford 
University Press 1995). Established methods for isolating recombinant proteins from a 
baculovirus system are described by Richardson (ed.), Baculovirus Expression 
Protocols (The Humana Press, Inc., 1995). 

More generally, TGF-beta binding-protein can be isolated by standard 
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techniques, such as afBnity chromatogrq>hy, size exclusion chromatography, ion 
exchange chromatography, HPLC and the like. Additional variations in TGF-beta 
binding-protein isolation and purification can be devised by those of skill in the art For 
example, anti-TGF-beta binding-protein antibodies, obtained as described below, can be 
used to isolate large quantities of protein by immunoaffinity purification. 

5. Production of Antibodies to TGF-beta binding-proteins 

Antibodies to TGF-beta binding-protein can be obtained, for example, 
using the product of an expression vector as an antigen. Particularly useful anti-TGF- 
beta binding-protein antibodies “bind ^)ecifically” with TGF-beta binding^protein of 
Sequence ID Nos. 2, 6, 10, 12, 14, or 16, but not to other TGF-beta binding-proteisn 
such as Dan, Cerberus, SCGF, or Gremlin. Antibodies of the present invention 
(irKluding fragments and derivatives thereof) may be a polyclonal or, especially a 
monoclonal antibody. The antibody may belong to any immunoglobulin class, and may 
be for example an IgG, for example IgG„ IgG 2 , IgG 3 , IgG 4 ; IgE; IgM; or IgA antibody. It 
may be of animal, for example mammalian origin, and may be for example a murine, rat, 
human or other primate antibody. Where desired the antibody may be an inte rnalising 
antibody. 

Polyclonal antibodies to recombinant TGF-beta binding-protein can be 
prepared using methods well-known to those of skill in the art (see, for example. Green 
et al., “Production of Polyclonal Antisera,” in Immunochemical Protocols (Manson, 
ed.), pages 1-5 (Humana Press 1992); Williams et al., “Expression of foreign proteins in 
E. coli using plasmid vectors and purification of specific polyclonal aiitibodies,” in 
DNA Cloning 2: Expression Systems, 2nd Edition, Glover et al. (eds.), page 1 5 (Oxford 
University Press 1995)). Although polyclonal antibodies are typically raised in animals 
such as rats, mice, rabbits, goats, or sheep, an anti-TGF-beta binding-protein antibody 
of the present invention may also be derived from a subhuman primate antibody. 
General techniques for raising diagnostically and therapeutically useful antibodies in 
baboons may be found, for example, in Goldenberg et al., international patent 
publication No. WO 91/11465 (1991), and in Losman et al., Int. J. Cancer ^6:310, 
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1990. 

TTie antibody should comprise at least a variable region domain. The 
variable region domain may be of any size or amino acid composition and will generally 
compise at least one hypervariable amino acid sequence responsible for antigen binding 
5 embedded in a frameworic sequence. In gene^ terms the variable (V) region domain may 

be any suitable arrangement of immunoglobulin heavy (Vy) and/or light (Vl) f^bain 
vari^le domains. Thus for example the V region domain may be monomeric and be a 
Vjj or Vl domain where these are capable of independently binding antigen with 

* acceptable afiSnity. Alternatively the V region domain may be dimeric and contain Vjj- 
10 Vjj, Vjj-Vl, or dimers in vdiich the Vjj and chains are non^valently 

associated (abbreviated hereinafter as Fy). Where desired, however, the nhains may be 

covalently coupled either directly, for example via a. disulphide bond between the two 
variable domains, or through a linker, for' example a peptide linker, to form a single.chain 

domain (abbreviated hereinafter as scFy). ' 

15 The variable region domain may be any naturally occuring variable 

domain or an engineer^ version thereof. By engineered version is meant a variable 
region domain which has been created using recombinant DNA engineering techniques. 
Such engineered versions include those created, for example from natural antibody 
variable regions by insertions, deletions or changes in or to the amino acid sequences of 
20 the natural antibodies. Particular examples of this type include those engineered variable 
region domains containing at least one GDR and optionally one or more framework amino 
acids from one antibody and the remainder of the variable region domain from a second 
antibody. 

The variable region domain may be covalently attached at a G-terminal 
25 amino acid to at least one other antibody doinain or a fragment thereof. Thus, for example 

where a Vjj domain is present in the variable region domain this may be linked to an 
immunoglobulin Gjjl domain or a fragment thereof. Similarly a domain may be 



35 



linked to a C{,^ domain or a fragment thereof. In this way for example the antibody may 
be a Fab fragment vdierein the antigen binding domain contains associated and 

domains covalently linked at their C-tOTnini to a CHI and Cj^ domain respectively. Tte 

CHI domain may be extended with further amiho acids, for example to provide a hinge 
S region domain as fotmd in a Fab' fragment, or to provide further domains, siK>h as 
antibody CH2 and CH3 domains. 

Anot^ form of an antibody frngm'Cnt is a peptide coding for a sii^e 
complementarity-determining region (CDR). CDR peptides (“minimal r^Ogoition 
rmits”) can be obtained by constructing genes encoding the CDR of an antibody of 
10 interest Such genes are prepared, for example, by using die polymerase c hain reaction ■ 
to synthesize the variable region from RNA of antibody-producing cells (see, for 
example, Larrick et al.. Methods: A Companion to Methods in Emymology 2:106, 1991; 
Courtenay-Luck, “Genetic Manipulation of Monoclonal Antibodies,” in Monoclonal 
Antibodies: Production, Engineering and Clinical Application, Ritter et al (eds.), page 
15 166 (Cambridge University Press 1995); and Ward et al., “Genetic Manipulation and 

Expression of Antibodies,” in Monoclonal Antibodies: Principles and Applications, 
Birch et al., (eds.), page 137 (Wiley-Liss, Inc. 1995)). 

Antibodies for use. in the invention . may in general be monoclonal 
(prepared by conventional immunisation and cell fusion procedures) or in the case of 
20 fragments, derived therefrom using any suitable standard chemical e.g. reduction or 
enzymatic cleavage and/or digestion techniques, for example by treatment with pepsiiL 

More specifically, monoclonal anti-TGF-beta binding-protein antibodies 
can be generated utilizing a variety of techiliques. Rodent monoclonal antibodies to 
sp^ific antigens may be obtained by methods known to those skilled in the art (^, for 
25 example, Kohler et al.. Nature 256:495, 1975; and Coligan et al. (eds.). Current 
Protocols in Immunology, 7:2.5. 1-2.6.7 (John Wiley & Sons 1991) {“Coligan”]; 
Picksley et al., “Production of monoclonal antibodies against proteins expressed in E. 
colC' in DNA Cloning 2: Expression Systems, 2nd Edition, Glover et al. (eds.), page 93 
(Oxford University Press 1995)). 




36 



Briefly, monoclonal antibodies can be obtained by injecting mice with a 
composition con^sing a TGF-beta binding-protein gene product, verifying the 
, presmce of antibody production by removing a serum sample, removing the ^leen to 

obtain B-lymiAocytes, fusing the B-lymphocytes with myeloma cells to produce 
5 hybridomas, cloning the hybridomas, selecting positive clones which produce 
antibodies to the antigen, culturing the clones fliat produce antibodies to the antigen, 
and isolating the antibodies fiom the hybridoma cultures. 

In addition, an Mti-TGF-beta binding-protein antibody of the present 
invention may be derived fiom a human monoclonal antibody. Human monoclonal 
l(f antibodies are obtained fiom transgenic mice that have been engineoed to produce 
specific human antibodies in response to antigenic challenge. In this technique, elmnents 
of the human heavy and light chain locus are introduced into strains of mice derived fiom 
embryonic stem cell lines that Contain targeted disruptions of the endogenous heavy chain 
and light chain loci. The transgenic mice can synthesize human antibodies specific for 
15 human antigens, and the mice can. be used to produce hmnan antibody-secreting 
hybridomas. Methods for obtaining human antibodies fiom transgenic mice are 
described, for example, by Green et al.. Nature Genet. 7: 13, 1994; Lonberg et al.. Nature 
565:856, 1994; and Taylor et al., Int. Immun. 6:519, 1994. 

Monoclonal antibodies can be isolated and piuified fiom hybridoma 
20 cultures by a variety of well-established techniques. Such isolation techniques include 
affinity chromatography with Protein-A Sepharose, size-exclusion chromatography, and 
ion-exchange chromatography (see, for example, Coligan at pages 2.7.1-2.7.12 and 
pages 2.9.1 -2.9.3; Baines et al., “Purification of Immunoglobulin G (IgG),” \n Methods 
in Molecular Biology, Vol. 10, pages 79-104 (The Humana Press, Inc. 1992)). 

25 For p^cular uses, it may be desirable to prepare fiagments of anti- 

TGF-beta binding-protein antibodies. Such antibody fiagments can be obtained, for 
example, by proteolytic hydrolysis of the antibody. Antibody fiagments can be 
obtmned by pepsin or papain digestion of whole antibodies by conventional methods. 

' As an illustration, antibody fiagments can be produced by enzymatic cleavage of 

30 antibodies with pepsin to provide a 5S fiagment denoted F(ab’),. This fragment can be 




further cleaved using a thiol reducing agent to produce 3.5S Fab’ monovalent 
fragments. Optionally, the cleavage reaction can be performed using a blocking group 
for the sulfliydryl groiq>s that result from cleavage of disulfide linkages. As an 
alternative, an enzymatic cleavage using pepsin produces two monovalent Fab 
5 fr agm ents and an Fc fr:^m^t directly. These methods are described, for example, by 
Goldenberg, U.S. patent No. 4,331,647, Nisonofifet al.,i4rc^5/ocAem. Biophys. ^5^230, 
I960, Porter, Biochem. J.. 73:119, 1959, Edehnan et m Methods in Enzymology 
7:422 (Academic Press 1967), and by Coligan at pages 2.8.1-2.8.10 and 2.10.-2.10.4. 

Other methods, of-cleavii^ antibodies, such as separation of heavy chains 
to form monovalent light-heavy chain fegments, further cleavage of fragm^ts, or other 
enzymatic, chemical or genetic techni<lu^ may also be used, so long as the fragments 
bind to the antigen that is recognized by the intact antibody. 

Alternatively, the antibody may l>e a recombinant or engineered antibody 
obtained by the use of recombinant DNA technique involving the manipulation and re- 
15 expression of DNA encoding antibody variable and/or constant r^ons. Such DNA is 
known and/or is readily available from DNA libraries including for example phage- 
antibody libraries (see Chiswell, D J and McCafferty, J. Tibtech. bO 80-84 (1992)) or 
where desired can be synthesised. Standard molecular biology and/or chemistry 
procedures may be used to sequence and mampulatethe DNA, for example, to introduce 
20 codons to create cysteine residues, to modify, add or delete other amino acids or domains 
as desired. 

From here, one or more replicable expression vectors containing the DNA 
may be prepared and used to transform an appropriate cell line, e.g. a non-producing 
myeloma cell line, such as a mouse NSO line or a bacterial, e.g. £lco/r line, in which 
25 production of the antibody will occiur. In order to obtain efficient transcription and 
translation, the DNA sequence in each vector should include appropriate r^;ulatory 
sequences, particularly a promoter and leader sequence operably linked to the variable 
domain sequence. Particular methods for producing antibodies in this way are generally 
well known and routinely used. For example, basic molecular biology procedures are 
30 described by Maniatis et al (Molecular Cloning, Cold Spring Harbor Laboratory, New 
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York, 1989); DNA sequencing can be performed as described in Sanger ei a/ (PNAS 7^ 
5463, (1977)) andlhe Amersham Intermtional pic sequencing handbook; and site directed 
mutagenesis can be carried out according to the method of Kramer et al (NucL Acids Res, 
12, 9441, (1984)) and the Anglian-Biotechndlo^Ltd handbook. Additionally, there are 
5 numerous publications, detailing techniques suitable for the preparation of antibodies by 
manipulation of DNA, creation of expression vectors and transformation of ^propriate 
cells,: for example as reviewed by. Mountain A and Adair, J R.in Biotechnology and. 
Genetic Engineering Reviews (ed. Tomte,M P, 10,-Chapter 1, 1992, Intercept, Andover, 
UK) and in International Patent SpedficationNo. WO 91/09967. 

\S WhCTe desired, the antibody according to the invention may have one or 

more effector or reporter molecules attached to it, and the invention extends to such 
modified proteins. The effector or reporter molecules may be attached to the antibody 
through any available amino acid side-chain,, tenmnal amino acid or, where present 
carbohydrate functional group located in the antibody, alv^y s provided of course that this 
15 does not adversely affect the binding properties and eventual usefulness of the molecule. 
Particular functional ^oups include, for example any firee amino, imino, thiol, hydroxyl, 
carboxyl or aldehyde group. Attachment of the antibody and the effector and/or reporter 
molecide(s) may be achieved via such groups and an appropriate functional group in the 
effector or reporter molecules. The linkage may be direct or indirect, through spacing or 
20 bridging groups. 

Effector molecules include, for example, antineoplastic agents, toxins 
(such as enzymatically active toxins of bacterial or plant origin and fragments thereof e.g. 
ricin and fragments thereof) biologically active proteins. Tor example enzymes, nucleic 
acids and fi-^ents thereof, e.g. DNA, RNA and fragments thereof, naturally occurring 
25 and synthetic polymers e.g. polysaccharides and polyalkylene polymers such as 
pK)ly (ethylene glycol) and derivatives thereof, radionuclides, particularly radioiodide, and 
chelated metals. Suitable reporter groups include chelated metals, fluorescent compounds 
or compounds which may be detected by NMR or ESR spectroscopy. 

Particular antineoplastic agents include cytotoxic and cytostatic agents, for 
30 example alkylating agents, such as nitrogen mustmds (e.g. chlorambucil, melphalan. 




mechlprethamine, cycloiribosphaniide; or uracil mustard) and derivatives thereof, 
trietfaylenephosphOiamide, triethylenethiopho^hor-amide, busulpban, or H!gp1 arin; 
antimetabolites, such as methotre^^e, iluoroutacil, floxuridine, cytarabine, 
mercaptopurine, thioguanine, fluoroacetic acid or fluorocitric acid, antibiotics, such as 
bleomycins (e.g. bleomycin sulphate), doxorubicin, daunorubicin, mitomycins (e.g. 
mitomycin C), actinomycins (e.g. dactinomycin) plicamycin, calicha^nicin and 
derivatives diereof, or esperamicin and derivatives thereof; mitotic inhibitory such as^ 
etoposide, vincristine or vinblastine and derivadves4hem>f; alkaloids, such as ellipticine; 
polyols.such as taxicin-I or ta»cin-ll; hormones, such as androgens (e.g. chpmostanolone 
or testolactone), progestins (e.g. megestrol acetate or medroxyprogesterone acetate), 
estrogens (e.g. dimethyl^lbestroldipho^hate, polyestradiol phoyjhate or estramustine 
phosphate) or antiestrogens (e.g. tamoxifen); anthraquinones, such as mitoxantrone, ureas, 
such as hydroxyurea; hydrazines, such as procarbazine; or imidazoles, such as 
dacarbazine. 

Particularly - useful effector groups are calichaemicm and derivatives 
thereof (see for example South African Patent Specifications Nos. 85/8794, 88/8127 and 
90/2839). 

Chelated metals include chelates of di-or tripositive metals having a 
coordination nmnber from 2 to 8 inclusive. Particular examples of such metals include 
technetium (Tc), rhenium (Re), cobalt (Co), copper (Cu), gold (Au), silver (Ag), lead (Pb), 
bismuth (Bi), indium (In), gallium (Ga), yttrium (Y), terbium (Tb), gadolinium (Gd), and ’ 
scandium (Sc). In gaieral the metal is preferably a radionuclide. Particular radionuclides 

indade’^c; 'V “*Re. ’*Co, “co. ‘’Cu. '’V '”au, ' ' Vg. “’Pb, 

‘"ln,”Ga,“Ga,^,*Y, '®*Tb, '“(Maud “"Sc. 

The chelated metal may be for example one of the above types of metal 
chelated with any suitable polydentate chelating agent, for example acyclic or cyclic 
polyamines, polyethers, (e.g. crown ethers and derivatives thereof); polyamides; 
porphyrins; and carbocyclic derivatives. 

In general, the type of chelating agent will depend on the metal in use. 
One particularly useful group of chelating agents in conjugates according to the invention. 




however, are acyclic and cyclic polyamines, especially polyaminOcaiboxylic acids, for 
example diethylefietriaminepentaacetic acid and derivatives thereof^ and maciocyclic 
amine s, e.g. cyclic tii-aza and tetia-aza derivatives (for example as described in 
International Patent Specification No. WO 92/22583); and polyamides, especially 
5 desferrioxamineandderivativestherrof. 

Thus for example v^en it is desired to use a thiol group in the antibody as 
the point of attachinent this may be achieved throi^ reaction with a thiol reactive gtoiq> 
present in the effector or report^ molecule. Examples of such groiqrs include an d- 
halocarboxylic acid or es^, e.g< iodoacetamide, an imide, e.g. maleimide, a vinyl 
iB" sulphone, or a (hsulphide. These and other suitable linking procedures are generally and 
more particularly described in International Patent Specifications Nos. WO 93/06231, 
WO 92/22583, WO 90/091 195 and WO 89/01476. 

Assays for SF.t.F.mNG Molecules Which Increase Bone Density 

As discussed above, the present invention provides methods for selecting 
15 and/or isolating compounds vdiich are capable of increasing bone density. For example, 
wi thin one aspect of the present invention methods are provided for determining 
v^ether a selected molecule is capable of increasing bone mineral content, comprising 
the steps of (a) mixing a selected molecule with TGF-beta binding protein and a 
selected member of the TGF-beta family of proteins, (b) determining whether the 
20 selected molecule stimulates signaling by the TGF-beta family of proteins, or inhibits 
the binding of the TGF-beta binding protein to the TGF-beta family of proteins. Within 
certain embodiments, the molecule enhances the ability of TGF-beta to function as a 
positive regulator of mesenchymal cell differentiation. 

Within other aspects of the invention, methods are provided for 
25 determining whether a selected molecule is capable of increasing bone mineral content, 
comprising the steps of (a) exposing a selected molecule to cells which express TGF- 
beta binding-protein and (b) determining whether the expression (or activity) of TGF- 
beta binding-protein firOm said exposed cells decreases, and therefirom detemuning 
whether the compound is capable of increasing bone mineral content. Within one 
30 embodiment, the cells are selected from the group consisting of the spontaneously 




■ ..... ■ ■ . ■ . . ■ ■''i • 

. - »ii ^ •4'- «}' II ^ . ^ . wf.t ' - .- ■ - • 

> 41 ' 

transfonned or untransformed normal human bone from bone biopsies and rat parietal 
bone osteoblast" Such methods may be accomplished in a wide variety of assay 
formats including, for example. Countercurrent Immuno-Electrophoresis (CIEP), 
Racfroimmunoassays, Radioimmunoprecipitations, Enzyme-Linked Immuno-Sprbent 
5 Assays (ELISA), Dot Blot assays. Inhibition or Competition assays, and sandwich 
assays (see U.S. Patent Nos. 4,376,1 10 and 4,486,530; see also Antibodies: A 
Laboratory Manual, stqyra). 

Representative embodiments of such assays are provided below in 
Examples 5 and 6. Briefly, a femily member of the TGF-beta super-family or a TGF- 

. beta binding protein is first bound to a solid phase, followed by addition of a CMididate 

molecule. The labeled family member of the TGF-beta super-family or a TGF-beta 
binding protein is then added to the assay, the solid phase washed, and the quantity of 
bound or l^led TGF-beta super-famUy member or TGF-beta binding protein on the 
solid sippoit determined. Molecules which are suitable for use in increasmg bone 
15 mineral content as described herein are tho^ molecules which decrease die binding of 
TGF-beta bin^ng protein to a member or members of the TGF-beta super-family in a 
statistically significant manner. Obviously, assays suitable for use within the present 
invention should not be limited to the embodiments described within Examples 2 and 3. 
In particular, numerous parameters may be altered, such as by binding TGF-beta to a 
20 ‘ solid phase, or by elimination of a solid phase entirely. 

Within other aspects of the invention, methods are provided for 
(jeterniining whether a selected molecule is capable of increasing bone mineral content, 
comprising the steps of (a) exposing a selected molecule to cells v4uch express TGF- 
beta and (b) deter mining whether the activity of TGF-beta from said exposed cells is 
25 alteredj and therefrom determining whether the compound is capable of increasing tone 
mineral content Similar to the above described methods, a wide variety of methods 
may be utUized to assess the changes of TGF-beta binding-protein expression due to a 
selected test compound. 

For example, within one aspect of the present invention methods are 
provided for determining whether a selected molecule is capable of increasmg bone 
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mineral content, comprising the steps of (a) mixing a selected molecule with TGF-beia- 
bindmg-protein a selected member of the TGF-beta iknily of proteins, 
(b) determining >^ether the selected molecule up-regulates the si gnaling of the TGF- 
beta family of jmrteins, or inhibits the binding of the TGF-beta binding-protein to the 
5 TGF-beta family of proteins. Within certain embodiments, the molecule enhances the 
ability of TGF-beta to function as a positive regulator of mechemchymal cell 
diff^ntiation. 

Similar to. the above described methods, a >mde variety of methods may 
be utilized to assess stimulation 6f TGF-beta due to a selected test compound. Orie 
such representative method is provided below in Example 6 (see also Durham etal., 
Endo. /3d:1374-1380. 

Within y^ other -^pects of the present invention, methods are provided 
for determine whether a . selected molecule is' capable of increasing bone mineral 
content, comprising the step of detemrining whether a selected molecule inhibits the 
15 binding of TGF-beta binding-protein to bone, or an analogue thereof.^ As utilized 
herein, it should be rmderstood that bone or analogues thereof refers to hydroxyapatite, 
or a surface composed of a powdered form of bone, crushed bone or intact bone. 
S imil ar to the above described methods, a wide variety of methods may be utilized to 
• assess the inhibition of TGF-beta binding-protein localization to bone matrix. One such 
20 representative method is provided below in Example 7. 

It should be noted that while the methods recited herein may refer to the 
analysis of an individual test molecule, that the present invention should not be so 
limited. In particular, the selected molecule may be contained within a mixture of 
compounds. Hence, the recited niethbds may further con^[)rise the step of isolating a 
25 molecule wdiich inhibits the binding of TGF-beta binding-protein to a TGF-beta family 
member. 



Candidate Molecules 

A wide variety of molecules may be assayed for their ability to inhibit 
the binding of TGF-beta binding-protein to a TGF-beta family member. Representative 
30 examples which are discussed in more detail below include organic molecules, proteins 








or pq>tides, and nucleic acid molecules. Although it ^uld be evident fix>m the 
discussion below lhat the candidate molecules described herein may be utilized in the 
assays described herein, it should also be readily ^parent that such molecules can also 
be utilized in a variety of diagnostic and ther^utic settins. 

5 1. Organic Molecules 

Numerous organic molecules may be assayed for their ability to inhibit 
the binding of TGF-beta binding-im>tein to a TGF-beta fiimily member. 

For example, within one onlx>diment of the invention suitable organic 

TB 

molecules may be selected from either a chemical library, wherein chemicals are 
10 assayed individually, or from combinatorial chemical libraries where multiple 
compounds are assayed at once, tiien deconvoluted to determine and isolate the most 
active compounds. 

Representative examples of such combinatorial chenucal libraries 
• include those described by Agrafiotis etal., “System and method of automatically 
15 generating chemical comf>ounds with desired properties,” U.S. Patent No. 5,463,564; 
Armstrong, R.W., “Synthesis of conlbinatorial arrays of organic compounds through the 
use of multiple component combinatorial array syntheses,” WO 95/02566; Baldwin, JJ. 
etal., “Sulfonamide derivatives and their lise,” WO 95/24186; Baldwin, J.J. etal., 
“Combinatorial dihydrobenzopyran library,” WO 95G0642; Brenner, S., “New kit for 
20 preparing combinatorial libraries,” WO 95/16918; Chenera, B. etal., "Preparation of 
library of resin-bound aromatic carbocyclic compounds,” WO 95/16712; Ellman, J.A., 
“Solid phase and combinatorial synthesis of benzodiazepine compounds on a solid 
support,” U.S. Patent No. 5,288,514; Felder, E. et al., “Novel combinatorial compound 
libraries,” WO 95/16209; Lemer, R. et al., “Encoded combinatorial chemical libraries,” 
25 WO 93/20242; Pavia, M.R. et al., “A method for preparing and selecting 
pharmaceutically useful non-peptide compounds from a structurally diverse universal 
library,” WO 95/04277; Summerton, J.E. and D.D. Weller, “Morpholino-subunit 
combinatorial library and method,” U.S. Patent No. 5,506337; Holmes, C., “Methods 
for the Solid Phase Synthesis of Thiazolidinones, Metathiazanones, and Derivatives 




thereof” WO 96/00148; PhiUips, G.B. and G.P. Wd, “Solid-phase Synthesis of 
Ben7imidazoles,’*~7e/. Letters 57:4887-90, 1996; Ruhland, B. etal., “Solid-supported 
Combinatorial Synthesis of Structurally Diverse P-Lactams,” J. Amer. Chem. Soc. 
777:253-4, 1996; Look, G.C. -etal., “The Indentification of Cyclooxygenase-1 
Inhibitors from 4-Thiazolidinone Combinatorial Libraries,” Bioorg and Med Chem. 
Letters 6J0n-\l,\996. 

2. Proteins and Peptides 

A wide range of proteins and peptides may likewise be utilized as 
candidate molecules for inhibitors- of the binding of TGF-beta. binding-protein to a 
TGF-beta frmily member. 

a. Combinatorial Peptide Libraries 

Peptide molecules vdiich are putative inhibitors of the binding of TGF- 
beta binding-protein to a TGF-beta family member may be obtained through the 
screening of combinatorial peptide libraries. Such libraries may either be prepared by 
one of skill in the art (see e.g, U.S. Patent Nos. 4,528,266 and 4,359,535, and Patent 
Cooperation Treaty Publication Nos. WO 92/15679, WO 92/15677, WO 90/07862, WO 
90/02809, or purchased from commercially available sources (e.g.. New England 
Biolabs Ph.D.™ Phage Display Peptide Library Kit). 

b. Antibodies 

Antibodies which inhibit the binding of TGF-beta binding-protein to a 
TGF-beta frmily member may readily be prepared given the disclosure provided herein. 
Within the context of the present invention, antibodies are imderstood to include 
monoclonal antibodies, polyclonal antibodies, anti-idiotypic antibodies, antibody 
fragments (e.g.. Fab, and F(ab’) 2 , Fy variable regions, or complementarity determining 
regions). As discussed above, antibodies are understood to be specific against TGF- 
beta binding-protein , or against a specific TGF-beta family member, if they bind with 
a Ka of greater than or equal to lO^M, preferably greater thm or equal to lO^M, and do 
not bind to other TGF-beta binding-proteins, or, bind with a Kg of less than or equal to 




lO^M. Furthermore, antibodies of die present invention should block or inhibit the 
binding of TGF-beta binding-protein to a TGF-beta family member. 

The afiGnity of a monoclonal antibody or binding partner,, as well as 
mhibition of binding can be readily determined by one of ordinary skill in the art (see 
5 Scatchard, Arm. N.Y. Acad. Sci. 57:660-672, 1949). 

Briefly, polyclonal antibodies may be readily generated by one of 
ordinary skill in the art from a variety of warm-blooded animals such as horses, cows, 
various fowl, rabbits, mice, or rats. Typically, the -TGF-beta binding-protein or unique 
peptide thereof of 13-20 amino acids (preferably conjugated to keyhole limpet 
i? hemocyanin by cross-liii^g with glutaraldehyde) is utilized to immnni7i> the animal 
through intraperitoneal, intramuscular, intraocular, or subcutaneous injections, along 
with an adjuvant such as Freund’s complete or incomplete adjuvant Following several 
booster immunizations,' samples of serUm are collected and tested for reactivity to the 
protein or peptide. Particularly preferred polyclonal antisera will give a signal on one 
15 of these assays that is at least three times greater than background. Once the titer of the 

animal has reached a plateau in terms of its reactivity to the protein, larger quantities of 
antisera may be readily obtained either by weekly bleedings, or by exsanguinating the 
animal. 

Monoclonal antibodies may also be readily generated using conventional 
20 techniques {see U.S. Patent Nos. RE 32,01 1, 4,902,614, 4,543,439, and 4,411,993 
which are incorporated herein by reference; see also Monoclonal Antibodies, 
Hybridomas: A New Dimension in Biological Analyses, Plenum Press, Kennett, 

McKeam, and Bechtol (eds.), 1980, and Antibodies: A Laboratory Manual, Harlow and 
Lane (eds.). Cold Spring Harbor Laboratory Press, 1988, which are also incorporated 
25 herein by reference). 

Briefly, within one embodiment a subject animal such as a rat or mouse 
is inununized with TGF-beta binding-protein or portion thereof as described above. 
The protein may be admixed with an adjuvant such as Freund’s complete or incomplete 
adjuvant in order to increase the resultant immune response. Between one and three 
30 weeks after the initial immunization the animal may be reimmunized with another 




booster immunization, and tested for reactivity to the protein utilizing assays described 
above. Once the gnimal has reached a plateau in its reactivity to the injected protein, it 
is sacrificed, and organs '^^ch contain large numbers of 6 cells such as the spleen and 
lyniph nodes are harvested. 

5 Ceils which are obtained from the immunized animal may be 

immortalized by. infection with a virus such as the Epstein-Barr virus (EBV) (see 
Glasky and Reading, Hybridoma 5(4);377-389, 1989). ^tematively, within a preferred 
embodiment, the harvested spleen and/or lym|^ node cell suspensions are fused with a 
suitable myeloma cell in order to create a “hybridoma” r^ch secretes monoclonal 
10* antibody. Suitable niyeloma lines include, for example, NS-1 (ATGC Np. TIB 18), Md 
P3X63 - Ag 8.653 (ATCC No. GRL 1580). 

Following the fusion, the cells inay be placed into culture plates 
containing a suitable medium, such as RPMI 1640, or DMEM (Dulbeeco’s Modified 
Eagles Medium) (JRH Biosciences, Lenexa, Kansas), as well as additional ingredients, 
15 such as fetal bovine serum (FBS, Le., from Hyclone, Logan, Utah, or JRH Biosciences). 
Additionally, the medium should contain a reagent wdiieh selectively allows for the 
growth of fused spleen and myeloma cells such as HAT (hypoxanthine, aminopterin, 
and thymidine) (Sigma Chemical Co., St. Louis, Missouri). After about seven days, the 
resulting fused cells or hybridomas may be screened in order to determine the presence 
20 of antibodies which are reactive against TGF-beta binding-protein (depending on the 
antigen used), and which block or inhibit the binding of TGF-beta binding-protein to a 
TGF-beta family member. 

.A wide variety of assays may be utilized to determine the presence of 
antibodies which are reactive against the proteins of the present invention, including for 
25 example countercurrent immuno-electrophoresis, radioimmunoassays, 
radioimmunoprecipitations, enzyme-linked immuno-sorbent assays (ELISA), dot blot 
assays, western blots, immunoprecipitation, inhibition or competition assays, and 
sandwich assays (see U.S. Patent Nos. 4,376,1 10 and 4,486,530; see also Antibodies: A 
Laboratory Manual, Harlow and Lane (eds.). Cold Spring Harbor Laboratory Press, 




1988). Following several clonal dilutions and reassays, a hybridoma producing 
antibodies reactive against the desired protein may be isolated. 

Other techniques may also be utilized to construct monoclonal antibodies 
{see William D. Huse etal., “Generation of a Large Combinational Library of the 
Irrununoglobulin Repertoire in Phage Lambda,” Science 2¥5:1275-1281, December 
1989; see also L. Sastry etal., “Cloning of the Inununological Repertoire in 
Escherichia coli for Generation of Monoclonal Catalytic Antibodies: Construction of a 
Heavy Chain Variable Region-Specific cDNA Library,” Proc. Natl. Acad. Sci. USA 
5d;5728-5732, August 1989; see also Michelle Alting-Mees etal., “Monoclonal 
Antibody Expression Libraries: A Rapid Alternative to Hybridomas,” Strategies in 
Molecular Biology 3:1-9, January 1990). These references describe a commercial 
system available fivm Stratagene (La Jolla, California) vvdiich enables the production of 
antibodies through recombinant techniques. Briefly, mRNA is isolated from a B cell 
population, and utilized to create hea\y and light chain immunoglobulin cDNA 
expression libraries in the XImmunoZap(H) and XImmxmoZap(L) vectors. These 
vectors may be screened individually or co-expressed to form Fab fragments or 
antibodies {see Huse et al., supra-, see also Sastry et al., supra). Positive plaques may 
subsequently be converted to a non-lytic plasmid which allows high, level expression of 
monoclonal antibody firagments from E. coli. 

Similarly, portions or fragments, such as Fab and Fv fragments, of 
antibodies may also be constructed utilizing conventional enzymatic digestion or 
recombmant DNA techniques to incorporate the variable regions of a gene which 
encodes a specifically binding antibody. Within one embodiment, the genes which 
encode the variable region from a hybridoma producing a monoclonal antibody of 
interest are amplified using nucleotide primers for the variable region. These primers 
may be synthesized by one of ordinary skill in the art, or may be purchased from 
commercially available sources. Stratagene (La Joll^ California) sells primers for 
mouse and human variable regions including, among others, primers for Vj.j 0 , 

^Hc» ^Hd. ChI, Vl and regions. These primers may be utilized to amplify heavy or 
light chain variable regions, which may then be inserted into vectors such as 
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ImmunoZAP™ H or ImmunoZAP™ L (Stiatagene), respectively. These vectors may 
then be introduced into E. colU yeast, or mammalian-based systems for raqjression. 
Utilising these techniques, large amounts of a single-chain protein containing a fusion 
of the Vh and Vl domains maybe produced {see Bird etal.. Science 242:423-426, 
5 1988). In addition, such techniques may be utilized to change a “murine” antibody to a 

“h uman” antibody, without altering the binding specificity of the antibody. 

Once; suitable antibodies have been obtained, they may be isolated or 
purified by many techniques well known to those of ordinary skill in the art (see 
Antibodies: A Laboratory Manual, Harlow and Lane (eds.). Cold Spring Harbor 
1? Laboratory Press, 1988). Suitable techniques include peptide or protein affinity 
columns, HPLC or RP-HPLC, purification on protein A or protein G colunms, or any 
combination of these techniques; 

c. Mutant TGF-beta binding-proteins 

1 

As described herein and below in the Examples (e.g.. Examples 8 £md 9), 
15 altered versions of TGF-beta binding-protein which compete with native TGF-beta 
binding-protein’s ability to block the activity of a particular TGF-beta family member 
should lead to increased bone density. Thus, mutants of TGF-beta binding-protein 
which bind to the TGF-beta family member but do not inhibit the function of the TGF- 
beta family member would meet the criteria. The mutant versions must effectively 
20 compete with the endogenous inhibitory functions of TGF-beta binding-protein . 

d. Production of proteins 

. Although various genes (or portions thereof) have been provided herein, 
it should be understood that within the context of the present invention, reference to one 
or more of these genes includes derivatives of the genes that are substantially similar to 
25 the genes (and, where appropriate, the proteins (including peptides and polypeptides) 
that are encoded by the genes and their derivatives). As used herein, a nucleotide 
sequence is deemed to be “substantially similar” if: (a) the nucleotide sequence is 
derived fixim the coding region of the above-described genes and includes, for example, 
portions of the sequence or allelic variations of the sequences discussed above, or 




alternatively, encodes a molecule which inhibits the binding of TGF-beta bii^Sng- 
protein to a member of the TGF-beta family, (b) die nucleotide sequence is capable of 
hybridization to nucleotide sequences of the present invention under moderate, high or 
very high stringency {see Sambrook et al.. Molecular Cloning: A Laboratory Manual^ 
2nd ed.. Cold Spring Harbor Laboratory Press, NY, 1989); or (c)the DNA sequences 
are degenerate as a result of the genetic code to the DNA sequences defined in (a) or 
(b). Further, the . nucleic acid molecule disclosed herein includes both complemeataiy 
and non-complementary sequences, provided the s^uences otherwise meet die criteria 
set forth herein. Within the context of the present invention, high stringency means 
standard hybridization conditions {e.g., 5XSSPE, 0.5% SDS at 65^C, or the equivalent). 

The structure of the proteins encoded by the nucleic acid molecules 
described herein may be predicted from the primary translation products using the 
hydrophobicity plot fimction of, for example, P/C Gene or Intelligenetics Suite 
(Intelligenetics, Moimtain View, California), or according to the methods descnbed by 
Kyte and Doolittle (J. Mol. Biol. /57:105-132. 1982). 

Proteins of the present invention may be prepared in the form of acidic 
or basic salts, or in neutral form. In addition, individual amino acid residues may be 
modified by oxidation or rediuction. Furthermore, various substitutions, deletions, or 
additions may be made to the amino acid or nucleic acid sequences, the net effect of 
which is to retain or further enhance or decrease the biological activity of the mutant or 
wild-type protein. Moreover, due to degeneracy in the genetic code, for example^ there 
may be considerable variation in nucleotide sequences encoding the same amino acid 
sequence. 

Other derivatives of the proteins disclosed herein include conjugates of 
the proteins along with other proteins or polypeptides. This may be accomplished, for 
example, by the synthesis of N-terminal or C-terminal fusion proteins which may be 
added to facilitate purification or identification of proteins {see U.S. Patent No. 
4,851,341, see also, Hopp etal., Bio/Technology d:1204, 1988.) Alternatively, fusion 
proteins such as Flag/TGF-beta binding-protein be constracted in order to assist in the 
identification, expression, and analysis of the protein. 
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Proteins of the present invention may be constmcted using a wide variety 
of techniques desmbed herein. Further, mutations may be introduced at particular loci 
by synthesudng oligonucleotides containing a mutant sequence, flanked by restriction 
sites enabling ligation to Augments of the native sequoice. Following ligation, the 
5 resulting reconstmcted sequence encodes a derivative having the desired amino acid 
insertion, substitution, or deletion. 

Alternatively, oligonucleotide-directed site-specific (or segment specific) 
mutagenesis procedures may be employed to provide an altoed gene having particular 
codons altered according to the substitution, deletion, or insettimi required. Exemplary 
methods of making the alterations set forth above are disclosed by Walder et all (Gene 
^2:133, 1986); Bauer et al. (Gene 37:73, 1985); Craik (BioTechniques, January 1985, 
12-19); Smifli et al. (Genetic Engineering: Principles and Methods, Plenum Press, 
1981); and Sambrook et al. (suprd). Deletion or truncation derivatives of proteins (e.g., 
a soluble extracellular portion) may also be constructed by utilizing convenient 
15 . restriction endonuclease sites adjacent to the desired deletion. Subsequent to restriction, 
nveihangs may be filled in, and the DNA religated. Exemplary methods of nuiking the 
alterations set forth above are disclosed by Sambrook etal. (Molecular Cloning: A 
Laboratory Manual, 2d Ed., Cold Spring Harbor Laboratory Press, 1 989). 

Mutations which are made in the. nucleic acid molecules of the present 
20 invention preferably preserve the reading fiume of the coding sequences. Furthermore, 
the mutations will preferably not create complementary regions that could hybridize to 
produce secondary mRNA structures, such as loops or hairpins, that would adversely 
affect translation of the mlU4A. Although a mutation site may be predetermined, it is 
not necessary that the nature of the mutation per se be predetermined. For example, in 
25 order to select for optimum characteristics of mutants at a given site, random 
mutagenesis may be conducted at the target codon and the expressed mutants screened 
for indicative biological activity. Alternatively, mutations may be introduced at 
particular loci by synthesizing oligonucleotides containing a mutant sequence, fleuiked 
by restriction sites enabling ligation to fragments of the native sequence. Following 




ligation, the resulting reconstructed sequence encodes a derivative having the desired 
amino acid insertion, ^bsdtution, or deletion. 

Nucleic acid molecules which encode proteins of the present invention 
may also be constructed utilizing techmques of PCR mutagenesis,, chemical 
mutagenesis (Drinkwater and Klinedinst, PNAS 55:3402-3406, 1986), by forced 
nucleotide misincorporation Liao and Wise Gerje 55:107-1 1 1, 1990), or by use of 
randomly mut^enized oligonucleotides (Horwitz et al.. Genome 5:112-117, 1989), 

The present invention also provides-for the manipulation and expression 
of the above described genes by culturing host cells containing a vector capable of 
expressing the above-described genes. Such vectors or vector constmcts include either 
synthetic or cDNA-derived nucleic acid molecules encoding the desired protein, which 
are operably linked to suitable transcriptional or translational regulatory elements. 
Suitable regulatory elements may be derived fix>m a variety of sources, including 
bacterial, fungal, viral, mammalian, insect,- or plant genes. Selection of appropriate 
.regulatory elements is dependent on the host cell chosen, and may be readily 
accomplished by one of ordinary skill in the art Examples of regulatory elements 
include: a transcriptional promoter and enhancer or RNA polyrrierase binding 

sequence, a transcriptional terminator, and a ribosomal binding sequence, including a 
translation initiation signal. 

Nucleic acid mdlecuies that encode any of the proteins described above 
may be readily expressed by a wide variety of prokaryotic and eukaryotic host cells, 
including bacterial, mammalian, yeast or other fungi, viral, insect or plant cells. 
Methods for transforming or transfecting such cells to express foreign DNA are well 
known in the art (see, e.g., Itakura et al., U.S. Patent No. 4,704,362; Hinnen et al., Proc. 
Natl Acad. Sci. USA 75:1929-1933, 1978; Murray etal., U.S. Patent No. 4,801,542; 
Upshall et al., U.S. Patent No. 4,935349; Hagen et al., U.S. Patent No. 4,784,950; Axel 
etal., U.S. Patent No. 4,399316; Goeddel etal., U.S. Patent No. 4,766,075; and 
Sambrook etal. Molecular Cloning: A Laboratory Manual, 2nd ed.. Cold Spring 
Harbor Laboratory Press, 1989; for plant cells see Czako and Marton, Plant Physiol 
704: 1067- 1071, 1994; and Paszkowski et al.. Biotech. 2-/:387-392, 1992). 




Bacterial host cells suitable for carrying out the present invention include 
E. colU B. subtiUs, Salmonella typhimuritan, and various species within the genera 
Pseudomonas, Streptomyces, and Staphylococcus, as well as many other bacterial 
species well known to one of ordinary skill in the art Representative examples of 
5. bacterial host cells include DH5a (Stratagene, LaJolla, California). 

Bacterial expression vectors preferably comprise a promoter which 
functions in the host cell, one or more selectable phaiotypic markers,, and a bacterial 
origin.of replication. Representative promoters include the P-lactamase (penicillinase) 
arid lactose promoter system (see Chang .etal.. Nature 275:615, 1978), the T7 RNA 
polymerase promoter (Studier et al., Meth. EnzymoL 755:60-89, 1990), the lambda 
promoter (Elvin et al.. Gene 57:123-126, 1990), the promoter O^ichols and 
Yanofsky, Meth in Enzymology lOhXSS, 1983) and die tac promoter (Russell et al.. 
Gene 20:231, 1982). Representative selectable markers include various antibiotic 
resistance markers such as the kanamycih dr ampicillin resistance genes. Many 
15 plasmids suitable for transforming host cells are well known in the art, including among 
others, pBR322 (see Bolivar etal.. Gene 2:95, 1977), the pUC plasmids pUC18, 
pUC19, pUCll8, pUC119 (see Messing, Meth in Enzymology 101:20-77, 1983 and 
Vieira and Messing, Gene 79:259-268, 1982), and pNH8A, pNH16a, pNHl8ai and 
Bluescript M13 (Stratagene, La Jolla, California). 

20 Yea^ and fungi host cells suitable for carrying out the present inyention 

include, among others, Saccharomyces pombe, Saccharomyces cerevisiae, the genera 
Pichia or Kluyveromyces and various species of the genus Aspergillus (McKnight et al., 
U.S. Patent No: 4,935349). Suitable expression vectors for yeast and fungi include, 
among others, YCp50 (ATCC No. 37419) for yeast, and the amdS cloning vector pV3 
25 (TumbuU, Bio/Technology 7:169, 1989), YRp7 (Struhl etal., Proc. Natl. Acad. Sci. 
USA 76:1035-1039, 1978), YEpl3 (Broach et al.. Gene 5:121-133, 1979), pJDB249 and 
pJDB219 (Beggs, Nature 275:104-108, 1978) and derivatives thereof 

Preferred promoters for use in yeast include promoters from yeast 
glycolytic genes (Hitzeman etal., J. Biol. Chem. 255:12073-12080, 1980; Alber and 
30 Kawasaki, J. Mol. Appl. Genet. 7:419-434, 1982) or alcohol dehydrogenase genes 
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(Young etal., in Genetic Engineering of Microorganisms for Chemicals, Hollaender 

et al. (eds-), p. 355, Plenum, New York, 1982; Ammerer, Meth. Enzymol. 101:192-201, 

} 

1983). Examples of useful promoters for fungi vectors include those derived fiom 
Aspergillus nidulans glycolytic genes, such as the adh3 promoter (McKnight etal., 

5 EMBOJ. ‘^:2093-2099, 1985). The expression units may also include a transcriptional 
terminator. An example of a suitable teriniiiator is the adh3 terminator ^dcKm^t 
etal.,rm, 1985). 

As with bacterial vectors, the yeast vectors will generally include a 
selectable marker, vsdrich may be one of any number of genes that exhibit a do min a nt 
iS* phenotype for which a phenotypic assay exists to enable transformants to be selected. 

. Preferred selectable markers are those that complement host cell auxotrophy, provide 

antibiotic resistance or enable a cell to utilize specific carbon sources, and include leu2 
(Broach etal., ibid.), ura3 (Botstein etal.. Gene 8:17, 1979)> or his3 (Struhl etal., 
ibid). Another suitable selectable marker is the cat gene, which confers 

15. chloramphenicol resistance on yeast cells. 

Techniques for transforming fungi are well known in the literature, and 
have been described, for instance, by Beggs (zW</.), Hinnen et al. (Proc. Natl. Acad Sci. 
USA 75:1929-1933, 1978), Yelton etal. (Proc. Natl. Acad Sci. USA 87:1740-1747, 
1984), and Russell {Nature 301:161-169, 1983). The genotype of the host cell may 
20 contain a genetic defect that is complemented by the selectable marker present on the 
expression vector. Choice of a particular host and selectable marker is well within the 
level of ordinary skill in the art. 

. Protocols for the transformation of yeast are also well known to those of 
ordinary skill in the art. For example, transformation may be readily accomplished 
25 either by preparation of spheroplasts of yeast with DNA (see Hinnen et al., PNAS USA 
75:1929, 1978) or by treatment with alkaline salts such as LiCl {see Itoh etal., J. 
Bacteriology 153:163, 1983). Transformation of fungi may also be carried out using 
polyethylene glycol as described by Cullen et al. {Bio/Technology 5.369, 1987). 

•Viral vectors include those which comprise a promoter that directs the 
30 expression of an isolated nucleic acid molecule that encodes a desired protein as 



described above. A wide variety of promoters may be utilrzed witbin the context of the 
present invention.'mcluding for example, promoters such as MoMLV LTTR, RSV LTR, 
Friend MuLV LTR, adenoviral promoter (Ohno et al.. Science 1994), 

neomycin phosphotransferase promoter/enhancer, late parvovirus promoter (Koering 
5 etal.. Hum. Gene Therap. 5:45.7-463, 1994), Herpes TK promoter, SV40 promoter, 
metallothionein Da gene enhancer/promoter, cytomegalovirus immediate early 
promoter, and the cytom^alovirus immediate late promoter. >^thin particularly 
preferred embodiments of the invention, the promoter is a tissue-specific promoter {see 
e.g., WO 91/02805; EP 0,415,731; and WO 90/07936). Representative examples of 
W suitable tissue specific promoters include neural specific enolase promoter, platelet 
derived growth factor beta promoter, bone, morphogenic protein promoter, human 
alphal-chimaerin promoter, synapsin I promoter and synapsin II promoter. In addition 
to the above-noted promoters, other viral-specific promoters (e g., retroviral promoters 
(including those noted above, as well as others such as HIV promotaa), hepatitis, 
15 herpes (e.g. , EBV), and bacterial, fimgal or parasitic (e.g., malarial) -specific promoters 
may be utilized in order to target a specific cell or tissue vdiich is infected with a virus, 
bacteria, fungus or parasite. 

Mammalian cells suitable for carrying out the present mvention include, 
among others COS. CHO, SaOS, osteosarcomas, KS483, MG-63, primary osteoblasts, 
20 and human or mammalian bone marrow stroma. Mammalian expression vectors for use 
in carrying out the present invention will include a promoter capable of directing the 
transcription of a cloned gene or cDNA. Preferred promoters include viral promoters 
and cellular promoters. Bone specific promoters include the bone sialo-protein and the 
promoter for osteocalcin. Viral promoters include the cytomegalovirus inunediate eariy 
25 promoter (Boshart etal.. Cell 4/:521-530, 1985), cytomegalovirus immediate late 
promoter, SV40 promoter (Subramani et al.. Mol. Cell. Biol. 7:854-864, 1981), MMTV 
LTR, RSV LTR, metallothionein- 1, adenovirus Ela. Cellular promoters include the 
mouse metallothionein- 1 promoter (Palmiter et al., U.S. Patent No. 4,579,821), a mouse 
Vjf promoter (Bergman etal., Proc. Natl. Acad. Sci. USA 57:7041-7045, 198 j. Grant 
30 etal., Nucl. Acids Res. 75:5496, 1987) and a mouse Vh promoter (Loh etal.. Cell 




55:85t 93, 1983). The choice of promoter will depend, ^ least in part, upon the level of 
expression desue(r or the recipient cell line to be transfected. 

Such expression vectors may also contain a set of RNA splice sites 
located downstream fix>m the promoter and iq>stream j&om the DNA sequence encoding 
5 the peptide or protein of interest Preferred RNA splice sites may be obtained from 
adenovirus and/or immuno globulin genes. Also contained in the expression vectors is a 
polyad^ylationsignalTocated downstream ofthecodii^ sequence of interest Suitable 
polyadoiylation signals include the early or late polyadenylation signals fiom SV40 
( Kaufman and Sharp, ibid), the polyadenylation signal from the Adenovirus 5 ElB 
m region and die human growth hormone gene terminator (DeNoto et al., Nuc. Acids Res. 
9:3719-3730, 1981). The expression vectors may include a noncoding viral leader 
. sequence, such as the Adenovirus 2 tripartite leader, located between the promoter and 
the RNA Splice sites. Preferred vectors may also include enhancer sequences, such as 
the SV40 enhancer. Eiqiression vectors may also include sequences encoding the 
15 adenovirus VA RNAs. • Suitable expression vectors can be obtained from commercial 
sources (e.g., Stratagene, La Jolla, California). 

Vector constructs comprising cloned DNA sequences can be introduced 
into cultured mammalian cells by, for exaihple, calciuin phosphate-^mediated 
transfection (Wigler et al.. Cell 14:725, 1978; Corsaro and Pearson, Somatic Cell 
20 Genetics 7:603, 1981; Graham and Van der Eb, Virology 52:456, 1973), electroporation 
(Neumann etal., EMBO J. 7:841-845, 1982), or DEAE-dextran mediated transfection 
(Ausubel et al. (eds.). Current Protocols in Molecular Biology, John Wiley and Sons, 
Inc., NY, 1987). To identify cells that have stably integrated the cloned DNA, a 
selectable marker is generally introduced into the cells along with the gene or cDNA of 
25 interest Preferred selectable markers for use in cultured manunalian cells include genes 
that confer resistance to drugs, such as neomycin, hygromycin, and methotrexate. The 
selectable marker may be an amplifiable selectable marker. Preferred amplifiable 
selectable markers are the DHFR gene and the neomycin resistance gene. Selectable 
markers are reviewed by Thilly {Mammalian Cell Technology, Butterworth Publishers, 
30 Stoneham, Massachusetts, which is incorporated herein by reference). 
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h Mammalian cells containing a suitable vector are allowed to grow for a 

period of time, ^ically 1-2 days, to begin expressing the DNA sequence(s) of interest 
Drug selection is then applied to select for growth of cells that are expressing the 
selectable marker in a stable fashion. For cells that have been transfected with an 
5 amplifiable, selectable marker the drug concentration may be increased in a stepwise 
ndanner to select fm increased copy number of the cloned sequences, thercby increasing 
e^qjression levels. Cells expressing the introduced sequmices are selected and screened 
for production of the protein of interest in dre desired form or at the desired level. Cells 
that satisfy these oheria can then be cloned and scaled up for productioiL 
1^* Protocols for the transfection of mammalian cells are well known to 

those of ordinary ddll in the art Representative methods uKlude calciurh phosphate 
mediated tr^fection, electroporation, lipofection, retroviral, adenoviral and protoplast 
fusion-mediated transfection (see Sambrook et al., st/pra). Naked vector corrstructs can 
also be taken up by muscular cells or other suitable cells subsequent to injection into the 
15 rnuscle of a manunal (or otoer animals). . • 

Numerous insect host cells known in the art can also be useM. within the 
present irlvention, in light of the subject specification. For example, the use of 
baculoviruses as vectors for expressing heterologous DNA sequences in insect cells has 
been reviewed by Atkinson et al. (Pestic. Scl 25:215-224,1990). 

20 Numerous plwt host cells known in the art can also be useful within the 

present invention, in light of the subject specification. For example, the use of 
Agrobacterium rhizogenes as vectors for expressing genes in plant cells has been 
reviewed by Sinkar et al. (y. 5/osc/. (Sanga/ore) 77:47-58, 1987). 

Within related aspects of the present invention, proteins of the present 
25 invention may be expressed in a transgenic animal whose germ cells and somatic cells 
contain a gene which encodes the desired protein and which is operably linked to a 
promoter effective for the expression of the gene. Alternatively, in a similar manner 
transgenic animals may be prepared that lack the desired gene (e.g., “knock-out” mice). 
Such transgenics may be prepared in a variety of non-human animals, including mice, 
30 rats, rabbits, sheep, dogs, goats and pigs {see Hammer et al.. Nature 375:680-683, 1985, 




^ Palmiter etal.. Science 222:809-814, 1983, Brinster et al., Proc, Natl Acad. Set USA 
52:4438-4442, 1985, Palmiter and Brinster, Cell 47:343-345, 1985, and U.S. Patent 
- Nos. 5,175,383, 5.087,571, 4.736,866, 5,387,742, 5^47,075. 5,221,778, and 
5,175384). Briefly, an expression vector, including a nucleic acid molecule to be 
5 expressed together with appropriately positioned expression control sequences, is 
• introduced into pronuclei of fertilized eggs, for. example, by microinjection. Integration 
of the injected DNA is detected by blot analysis of DNA from tissue samples. It is 
preferred that the introduced DNA be incorporated- into the germ line of the animal so 
that it is passed on to- the animal’s progeny. Tissue-specific eiqnression may be 
10 achieved through the use of a ti^e-spedfic promoter, or through the use of an 
inducible promotCT, such as the metallothionein gene promotd- (Palmiter et al., 1983, 

. /6/tf), which allows regulated expression of the trmisgene. 

Proteins can be isolated by, among other methods, culturing suitable host 
and vector systems to produce the recombinant translation products of the present 
15 invention. Supernatants from such cell lines, orprotein inclusions or whole cells where 
the protein is not excreted into the supernatant, can then be treated by a variety of 
purificaUon procedures in order to isolate the desired proteins. For example, the 
supernatant may be first concentrated uring commercially available protein 
concentration filters, such as an Amicon or Millipore Pellicon ultrafiltration unit. 
20 Following concentration, the concentrate may be applied to a suitable purification 
matrix such as, for example, an anti-protein antibody bound to a suitable support 
Alternatively, amon or cation exchange resins may be employed in order to purify the 
protein. As a further alternative, one or more reverse-phase high performance liquid 
chromatography (RP-HPLC) steps may be employed to further purify the protein. 
25 Other methods of isolating the proteins of the present invention are well known in the 
skill of the art. 

A protein is deemed to be “isolated” within the context of the present 
invention if no other (undesired) protein is detected pursuant to SDS-PAGE analysis 
followed by Coomassie blue staining. Within other embodiments, the desired protein 










^ can be isolated such that no other (undesi^) protein is detected pursuant to SDS- 



PAGE analysb followed by silver staining. 



3. Nucleic Acid Molecules 

Within other aspects of the invention, nucleic acid molecules are 
5 provided which are c^>able of inhibiting TGF-beta binding-protein binding to a 
member, of die TGF-beta &nily. For example, within one embodiment antisense 
oligonucleotide molecules are provided which specifically inhibit expression of . TGF- 
beta binding-protein nucleic acid sequences (see generally, Hirashima et al. in 
^ ’ • Molecular Biology of RNA: New Perspectives (M. Inouye and B. S. Dudock, eds., 1987 
io ■ Academic Press, San Diego, p. 401); Oligonucleotides: Antisense Inhibitors of Gene 
Ejg?ression (J.S. Cohen, ed., 1989 MacMillan Press, London); Stein and Cheng, Science 
257:1004-1012, 1993; WO 95/10607; U S. Patent No. 5,359,051; WO 92/06693; and 
EP-A2-612844). Briefly, such molecules are constructed such that they are 
complementary to, and able to form W'atson-Crick base pairs with, a region of 
15 transcribed TGF-beta binding-protein mRNA sequence. The resultant double-stranded 
nucleic acid interferes with subsequent processing of the mRNA, thereby preventing 
protein synthesis (see Example 10). 

Within other aspects of the invention, ribo^mes are provided vdiich are 
capable of inhibiting the TGF-beta binding-protein binding to a member of the TGF- 
20 beta family. As used herein, “ribozymes” are intended to include RNA molecules that 
contain anti-sense sequences for specific recognition, and an RNA-cleaving enzymatic 
activity. The catalytic strand cleaves a specific site in a target RNA at greater than 
stoichiometric concentration. A wide variety of ribo^ones may be utilized within the 
context of the present invention, including for example, the hammerhead ribozyme (for 
25 example, as described by Forster and Symons, Cell 45:211-220, 1987; Haseloff and 
Gerlach, Nature 325:596-600, 1988; Walbot and Bruening, Nature 334:196, 1988; 
Haseloff and Gerlach, Nature 334:585, 1988); the hairpin ribozyme (for example^ as 
described by Haseloff et al., U.S. Patent No. 5,254,678, issued October 19, 1993 and 
Hempel et al., European Patent Publication No. 0 360 257, published March 26, 1 990); 
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and Tetrahymena ribosomal RNA-based ribozymes (see Cech et al., U.S. Patent No. 
4,987,071). Ribo2ymes of the present invention typically consist of RNA, but may also 
be composed of DNA, nucleic acid analogs (c.g., pho^horothioates), or chimerics 
thereof (c.g. , DNA/RNA/RNA). - 



5 4. Labels 

The gene product or any of the candidate molecules described above and 
. below, may be labeled with a variety of compounds, including for exan^le, fluorescent 
molecules, toxins, and radionuclide. Representative examples of fluorescent molecules 

"ds> 

include fluorescein, Phycobili proteins, such as.phycoerythriii, rhodamine, Texas red 
10 and luciferee. Representative examples of toxins include ricin, abrin diphtheria toxin, 
cholera toxin, gelonin, pokeweed antiviral protein, tritin. Shigella toxin, and 
Pseudomonas exotoxin A. Representative examples of radionuclides iiK:lude Cu-64, 
Ga-67, Ga-68, Zr-89, Ru-97, Tc-99m, Rh-105, Pd-109, In-1 11, 1-123, 1-125, 1-I3l, Re- 
186, Re-188, Au-198, Au-199, Pb-2Q3, At-21l, Pb-212 and Bi-212. In addition, the 
IS antibodies described above may also be labeled or conjugated to one partner of a ligand 
binding pair. Representative examples include avidin-biotin, and riboflavin-riboflavin 
binding protein. 

Methods for conjugating or labeling the molecules described herein with 
the representative labels set forth above may be. readily accomplished by one of 
20 ordinary skill in the art (see Trichothecene Antibody Conjugate, U.S. Patent No. 
4,744,981; Antibody Conjugate, U.S. Patent No. 5,106,951; Fluorogenic Materials md 
Labeling Techniques, U.S. Patent No. 4,018,884; Metal Radionuclide Labeled Proteins 
for Diagnosis and Therapy, U.S. Patent No. 4,897,255; and Metal Radionuclide 
Chelating Compounds for Improved Chelation Kinetics, U.S. Patent No. 4,988,496; see 
25 also Irunan, Methods In Enzymology, Vol. 34, Affinity Techniques, Enzyme 
Purification: Part B, Jakoby and Wilchek (eds.). Academic Press, New York, p. 30, 
1974; see also Wilchek and Bayer, “The Avidin-Biotin Complex in Bioanalytical 
Applications,” i4nn/. Biochem. 777:1-32, 1988). 
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Pharmaceutical CoMPosmdNS 

As- noted above, the present invention also provides a variety of 
pharmaceutical compositions, comprising one of the above-described molecules which 
inhibits the TGF-beta binding-protein binding to a member of die TGF-beta femily 
5 along with a pharmaceutically or physiologically acceptable carrier, excipients or 
diluents. Generally, such carriers should be nontoxic to recipients at the dosages and 
concentrations. employed.- Ordinarily, the preparation of such compositions entails 
combining die therapeutic agent with buffers, antioxidants such as ascorbic acid, low 
molecular weight (less than about 10. ^idues) polypeptides, proteins, amino, acids, 
carbohydrates including glucose, sucrose or dextrins, chelating agents such as EDTA, 
glutathione and other stabilizers and excipirats. Neutral buffered saline or saline mixed 
with nonspecific.serum albumin are exemplary appropriate diluents. 

In addition, the pharmaceutical compositions of the preserit invention 
may be prepared for administration by a variety of different routes. In addition, 
15 -pharmaceutical compositions of the present invention may be placed within containers^ 
along with packaging material which provides instructions regarding the use of such 
pharmaceutical- compositions. Generally, such instructions will include a tangible 
expression describing die reagent concentration, as well as within certain embodiments, 
relative amounts of excipient ingredients or diluents (e.g., water, saline or PBS) which 
20 may be necessary to reconstitute the pharm^utical composition. 



Methods of Treatment 

The present invention also provides methods for increasing the min eral 
content and mineral density of bone. Briefly, numerous conditions result in the loss of 
bone mineral content, including for example, disease, genetic predisposition, acrddents 
25 vhich result in the lack of use of bone (e.g., due to fracture), therapeutics which effect 
bone resorption, or viiich kill bone forming cells and normal aging. Through use of 
the molecules described herein which inhibit the TGF-beta binding-protein binding to a 
TGF-beta family member such conditions may be treated or prevented. As utilized 
herein, it should be understood that bone mineral content has been increased, if bone 
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mineral content has been increased in a statistically significant manoCT greater 
than one-half standard devfation), at a selected site, 

A wide variety of conditions which result in loss of bone mineral content 
may be treated with the molecules- described herein. Patients with such conditions may 
5 be identified through clinical diagnosis utilizing well known techniques (see, 
e.g.y Harrison’s Principles of Internal Medicine, McGraw-Hill, Inc.). Representative 
. examples of diseases that may be treated included dysplasias, ^dierein there is abnormal 
growth or development of bone. Representative ^camples of such conditions include 
achondroplasia, . cleidocranial dysostoas, enchondromatosis, fibrous dysplasia, 
iV Gaucher’s, hypophospfaatemic rickets,. Marfen’s, inultiple hereditary exotoses, 
neurofibromatosis, osteogenesis imperfecta, osteopetrosis, osteopoikilosis, sclerotic 
lesions, fiactures, periodontal disease, pseudoartfirosis and pyogenic osteomyelitis. 

Other conditions which may be treated or prevented include a wide 
variety of causes of osteopenia (i.e., a condition that causes greater than one standard 
15 deviation of bone min^al content or density belo\y peak skeletal mineral content at 
youth). Representative examples of such conditions include anemic states, conditions 
caused steroids, condifions caused by heparin, bone marrow disorders, scurvy, 
malnutrition, calcium deficiency, idiopathic osteoporosis, congenital osteopema or 
osteoporosis^ alcoholism, chronic liver disease, senility, postmenopausal state, 
20 oligomenorrhea , amenorrhea, pregnancy, diabetes mellitus, hyperthyroidism, Cushing’s 
disease, acromegaly, hypogonadism, immobilization or disuse, reflex sympathetic 
dystrophy syndrome, transient regional osteoporosis and osteomalacia. 

.Within one aspect of the present invention, bone mineral content or 
density may be increased by administering to a wannrblooded animal a therapeutically 
25 effective amount of a molecule which inhibits the TGF-beta binding-protein binding to 
a TGF-beta family member. Examples of warm-blooded animals that may be treated 
include both vertebrates and mammals, including for example horses, cows, pigs, sheep, 
dogs, cats, rats and mice. Representative examples of therapeutic molecules include 
’ ribozymes, ribozyme genes, antisense oligonucleotides and antibodies (e.g, humanized 



30 antibodies). 
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Within other aspects of the present invention, methods are jxovided for 



increasing bone density, comprising the step of introducing into cells which home to 
bone a vector vtiiich directs the expression of a molecule which inhibits the TGF-beta 
binding-protein binding to a member of the TGF-beta family, and adnainistermg the 
5 vector containing cells to a warm-blooded animal. Briefly, cells vdiich home to bone 
may be obtained directly fiom the bone of patients (e.g., cells obtained from die bone 
.marrow such as CD34+, osteoblasts, osteocytes, and the like), fi»m periphery blood, or 



from cultures. - 

A vector which directs tire expression of a molecule that inhibits the 
TGF-beta binding-protein binding to a member of the TGF-beta &mily is introduced 
into the cells. Representative examples of suitable vectors include viral vectors such as 
herpes viral vectors (c.g., U.S. Patent No. 5,288,641), adenoviral vectors (e.g , WO 
94/26914, WO 93/9191; Rolls etal., PNAS 91 {1):2\5-219, 1994; Kass-Eisler etal., 
PNAS 90(24): 11498-502, 1993; Gu 2 man etal.. Circulation 88{(i):2^3S-4Z, 1993; 

15 Guzman etal., Cir. Res. 73(6): 1202- 1 207. 1993; Zabner etal.. Cell 75(2):2Q7-216, 



1993; Li etal., iTwn Gene Ther. 4(4):403-409, 1993; Caillaud et al., Eur. J. NeuroscL 
5(10:1287-1291, 1993; Vincent etal.,Mrt. Genet. 5(2):130-134, 1993; Jaffe et al., Nat. 
Genet. i(5):372^378, 1992; and Levrero etal.. Gene /0/(2); 195-202, 1991), adeno- 
associated viral vectors (WO 95/13365; Flotte et al., PAWS 90(22):! 06 13- 106 17, 1993), 
20 baculovinis vectors, parvovirus vectors (Koering et al.. Hum. Gene Therap. 5:457-463, 
1994), pox virus vectors (Panicali and Paoletti, PA/j 4S 79:4927-4931, 1982; and Ozaki 
etal., Biochem. Biophys. Res. Comm. /93(2):653-660, 1993), and retroviruses 
(e.g., EP 0,415,731; WO 90/07936; WO 91/0285, WO 94/03622; WO 93/25698; 
WO 93/25234; U.S. Patent No. 5,219,740; WO 93/11230; WO 93/10218). Viral 
25 vectors may likewise be constructed which contain a mixture of different elements 
(e.g., promoters, envelope sequences and the like) from different viruses, or non-viral 
sources. Wi thin various embodiments, either the viral vector itself, or a viral particle 
which contains the viral vector may, be utilized in the methods and compositions 



described below. 
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Wi thin other embodiments of the invention, nucleic acid molecules 



vsdiich encode a molecule \nWch inhibits the TGF-beta binding-protein binding to a 
member of the TGF-beta family themselves may be administered by a variety of 
techniques, including , for example, administration of asialoosomucoid (ASOR) 
5 conjugated with poly-L-lysine DNA complexes (Cristano et al., PNAS 92122^92126> 
1993), DNA linked to lolled adenovirus (Curiel etal., Hunt Gene Ther. 5(2):147-154, 
1992), cytpfectin-mediated inttxxluction (DMRIE-DOPE, Vical, California), direct 
DNA injection (Acsadi et al.. Nature 352:815-818,-1991); DNA ligand (Wu et al., J, of 
Biol Chem. 264:16985-16987, 1989); lipofection GFelgner et al., Proc. Natl Acad. Set 
lier USA 54:7413-7417, 1989); liposomes (Pickering etal., Circ. 5P(1):13-21, 1994; and 
Wang et al., PNAS 84-n%S\~lZSS, 1987); microprojectile bombardment (Williams etal., 
PNAS 55:2726-2730, 1991);- and direct delivery of nucleic acids which encode tiie 
protein itself either alone (Vile and Cancer Res. 53: 3860-3864, 1993), or utihzittg 
PEG-nucleic acid complexes. 

15 Representative examples of molecules which may be expressed by the 

vectors of present invention include ribozymes and antisense molecules, each of Which 
are discussal in more detail above. 

Determination of increased bone mirieral content may be determined 



directly through the use of X-rays {e.g.. Dual Energy X-ray Absorptometry or 
20 “DEXA”), or by inference through bone turnover markers (osteoblast specific ^kaline 
phosphatase, osteocalcin, type 1 procollagen C’ propeptide (PICP), and total alkaline 
phosphatase; see Cornier, C., Curr. Opin. in Rheu. 7:243, 1995), or markers of bone 
resorption (pyridinoline, deoxypryridinoline, N-telopeptide, urinary hydroxyprolihe, 
plasma tartrate-resistant acid phosphatases and galacto^l hydroxylysine; see Cornier, 
25 supra). The amount of bohe mai^ may also be calculated from body weights, or 
utilizing other methods (see Guirmess-Hey, Metab. Bone Dis. and Rel Res. 5:177-181, 



1984). 

As will be evident to one of skill in the art, the amount and frequency of 
administration will depend, of course, on such factors as the nature and severity of the 
30 indication being treated, the desired response, the condition of the patient, and so forth. 









Typically, the compositions may be administered by a variety of techniques, as noted 
above. - 

Tbe following examples are offered by way of illustration, and not by 
way of limitation. - 
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EXAMPLES 
EXAMPLE 1 

SCLEROSTEOSIS MAPS TO THE LONG ARM OF HUMAN CHROMOSOME 17 

Genetic ihspping of the defect responsible for sclerosteosis in humans 

5 localized the gene responsible for this disorder to the region of human chromosome 17 
that encodes a novel TGF-beta bindingiirotein family member. In sclerosteosis, 
skeletal bone displays a substantial increase in mineral density relative to that of 
unaflaicted individuals. Bone in the head displays overgrowth as well. Sclerosteosis. 
^ patients are generally healthy although they may exhibit variable degrees of syndactyly 
10 at birth and variable degrees of cranial compressiwr and nerve compresaon in the skull. 

Linkage analysis of the gene defect associated with sclerosteosis vyas 
condiMjted by applying the homozygosity mapping method to DNA samples collected 

fiom 24 South Afiican Aftikaaner families in which Ae disease occurred (Sheffield. 

et al., 1994, Htanah Molecular Genetics 3: 1331-1335. “Identification of a Bardet-Biedl 
15 syndrome locus on chromosome 3 and evaluation of an efficient approach to 
homozygosity mapping”). The Aftikaaner population of SouA Afiica is genetically 
homogeneous; Ae population is descended from a small number of founders who 
colonized Ae area several centuries ago, and it has been isolated by geographic and 
social barriers sirice Ae founding. Sclerosteosis is rare everywhere m Ae world outside 
20 Ae Afrikaaner community, which suggests Aat a mutation in the gene was present m 
Ae founding population and has since increased m numbers along wiA Ae mcrease in 
Ae population. The use of homozygosity mappmg is based on Ae assumption Aat 
DNA mapping maricers adjacent to a recessive mutation are likely to be homozygous m 

affected mdividuais finm consaiiguineotis farnilies and isolated populations. 

25 A set of 371 microsatellite markers (Research Genetics, Set 6) from Ae 

autosomal chromosomes was selected to type pools of DNA from sclerosteosis patient, 
samples. The DNA samples for this analysis came from 29 sclerosteosis patients m 24 
families, 59 unaffected family members and a set of unrelated control individuals from 
Ae same population. The pools consisted of 4-6 individuals, eiAer affected individuals, 
30 affected individvuds from consanguineous families, parents and unaffected siblings, or 




unrelated controls. In die pools of unrelated individuals and in most of the pools with 
affected individuals or family members analysis of the markers show^ several allele 
sizes for each marker. One marker, D17S1299, showed an indication of homozygc^ty: 
one band in sevoal of the pools of-affected individuals. 

5 All 24 sclerosteosis families were typed with a total of 19 markers in the 

region of D17S1299 (at 17ql2-q21). Affected individuals from every family were 
shown to be homo^gous in this region, and 25 of the 29 individuals were honio^gous 
for a core haplotype; they each had the same alleles between D17S1787 and D17S930. 
The other four individuals had one chromosome i^ch matched this haplotype and a 
W second wdiich did not In sum, the data compellingly suggested that this 3 megabase 
region contained the sclerosteosis mutation. Sequmce analysis of most Of the exons in 
this 3 ihegabase region identified a nonsense mutation in the novel TGF-beta binding- 
protein coding sequence (OT mutation at position 1 17 of Sequence ID No. 1 results in 
a stop codon). This mutation was shown , to be unique to sclerosteosis patients and 
15 ’ carriers' of Afrikaaner descent. The identity of the gene was further confirmed by 
identifying a mutation in its intron (A>T mutation at position +3 of the intron) which 
results in improper mRNA processing in a single, ruuelated patient with diagnosed 
^lerosteosis. 

20 

EXAMPLE 2 

Tissue-Specificity OF TGF-beta Binding-Protein Gene Expression 
A. Human Beer Gene Expression by RT-PCR: 

First-strand cDNA was prepared from the following total RNA samples 
25 using a co mme rcially available Idt (“Superscript Preamplification System for First- 
Strand cDNA Synthesis”, Life Technologies, Rockville, MD): human brain, human 
liver, human spleen, human thymus, human placenta, human skeletal muscle, human 
thyroid, human pituitary, human osteoblast (NHOst from Clonetics Corp., San Diego, 
. CA), human osteosarcoma cell line (Saos-2, ATCC# HTB-85), human bone, human 
30 bone marrow, human cartilage, vervet monkey bone, saccharomyces cerevisiae, and 




human peripheral blood monocytes. All RNA samples were purchased from a 
commercial source (Clontech, Palo Alto, CA), except the following vriiich were 
prepared in-house; human osteoblast, human osteosarcoma cell line, human bone, 
h uman cartilage and vervet monkey bone^ These in-house RNA samples were prepared 
5 using a commercially available kh (‘TRI Reagent”, Molecular Research Center, Inc., 
Cincinnati, OH). 

PCR was. performed on these samples, and additionally on a human 
genomic sample as a control. The sense Beer oligonucleotide primo: had the sequence 
5’-CCGGAGCTGGAGAACAACAAG-3’ (SEQ ID NO;19), The antisense Beer 
11^ oligonucleotide primer had the sequence 5’-GCACTGGCCGGAGCACACC-3’ (SEQ 
ID NO:20). In addition, PCR was performed using primers for the human beta-actin 
gene, as a control. The sense beta-actin oligonucleotide iwimer had the sequence 5*- 
AGGCCAACCGCGAGAAGATGA CC -3’ (SEQ ID NO:21). The antisense beta-actin 
oligonucleotide primer had the sequence. 5’-GAAGT CCAGGGCGACGTAGCA-3’ 
15 (SEQ ID NO;22). PCR was performed using standard conditions in 25 ul reactions, 
with an annealing temperature of 61 degrees Celsius. Thirty-two cycles of PCR were 
performed with the Beer primers and twenty-four cycles wctc performed with the beta- 
actin primers. 

Following am plifi cation, 12 ul from each reaction were analyzed by 
20 agarose gel electrophoresis arid ethidiuin bromide staining. See Figure 2A. 

B. RNA In-situ Hybridization of Mouse Embryo Sections: 

The full length mouse Beer cDNA (Sequence ID No. 1 1) was cloned into 
the pCR2.1 vector (Invitrogen, Carlsbad, CA) in the antisense and sense dnection using 
25 the manufacturer’s protocol. **S-alpha-GTP-labeled cRNA sense and antisense 
transcripts were synthesized using in-vitro transcription reagents supplied by Ambion, 
Inc (Austin, TX). In-situ hybridization was performed according to the protocols of 
Lyons et al. {J. Cell Biol. ///:2427-2436, 1990). 

The mouse Beer cRNA probe detected a specific message expressed in 
30 the neural tube, limb buds, blood vessels and ossifying cartilages of developing mouse 





embryos. Panel A in Figure 3 shows expression in the apical ectodermal ridge (aer) of 
the limb (1) bud. Mood vessels (bv) and the neural tube (nt). Panel B shows expression 
in the 4* ventricle of the brain (4). Panel C shows expression in the mandible (ma) 
CCTvical vertebrae (cv), occipital bone (oc), palate (pa) and a blood vessel (bv). Panel D 
5 shows expression in the ribs (r) and a heart valve (va). Panel A is a transverse section 
of 10.5 dpc embryo. Panel B is a sagittal section of 12.5 dpc embryo and panels C arid 
D are sagittal sections of 15.5 dpc embryos. . . 

b^brarichial arch, h=heart, te^elencephalon (fotebrain), b=brain, F=fiontonasal mass, 
g=gut, h=heart, j= 3 aw, li=liver, lu=lung, ot=k>tic vesicle, ao=, sc=^inal cord, 

' Itf skm=skeletal muscle, ns=nasal sinus, th=thymus , to=tongue, fl=forelimb, 
di=diaphragm 

EXAMPLES 

15 Expression .\nd Purification of Recombinant Beer Protein 

A. Expresdon m GOS-1 Cells: 

The DNA sequence encoding the full length human Beer protein was 
amplified using the followinig PCR oligonucleotide primers: The 5’ oligonucleotide 
primer had the sequence 5’-AAGCTTGGTACCATGCAGCTCGCAG-3’ (SEQ ID 
20 NO:23) and contained a Hindlll restriction enzyme site (in bold) followed by 19 

nucleotides of the Beer gene starting 6 base pairs prior to the presumed amino tenninal 
start codon (ATG). The 3’ oligonucleotide primer had the sequence 5’- 

AAGGTTCT ACTTGTCATCGTCGTCCT TGTAGTCG TAGGCGtTCTGCAGCT-3’ 
(SEQ ID NO:24) and contained a Hindlll restriction «izyme site (in bold) followed by a 
25 reverse complement stop codon (CTA) followed by the reverse complement of the 
FLAG epitope (underlined, Sigma-Aldrich Co., St. Louis, MO) flanked by the reverse 
complement of nucleotides coding for the carboxy terminal 5 amino acids of the Beer. 
The PCR product was TA cloned (“Original TA Cloning Kit”, Invitrogen, Carlsbad, 
CA) and individual clones were screened by DNA sequencing. A sequence-verified 
30 clone was then digested by Hindlll and purified on a 1.5% agarose gel using a 
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commercially avaUable reagents (^lAquick Gel Extraction Kit”, Qiagen Inc., 
Valencia, CA). lUs fiagment was then ligated to Hindin digested, pho^hatase-treated 
pcDNAS.l (Invitrogen, Carlsbad, CA) plasmid with T4 DNA ligase. DHIOB K colt 
were tr ansf ormed and plated on LB, 100 pg/ml ampicillin plates. Colonies bearing the 
desired recombinant in the proper orientation were identified by a PCR-based screen, 
using a 5’ primer corresponding to the T7 promoter/priming site in pcDNA3.1 and a 3’ 



primer with the sequence 5’- GCACTGGCCGGAGCACACC-3! (SEQ ID NO:25) that 
corresponds to the reverse conq)lement of intemaLBEER sequencte. The sequence of 
the cloned fiogment was confirmed by DNA sequencing. 

Itr COS-1 cells (ATCC# CRL-1650) were used for transfection. 50 pg of 

the e}q>ression plasmid pcDNA-Beer-Flag was transfected using a commercially, 
available kit following protocols supplied by the manufacturer (“DEAE-Dextr^ 
Transfection Kit”, Sigma Chemical Co., St Louis, MO). The final media following 
transfection was DMEM (Life Technologies, Rockville, MD) containing 0.1% Fetal 
15 Bovine Serum. After 4 days in culture, the media was removed. Expression of 
recombinant BEER was analyzed by SDS-PAGE and Western Blot using anti-FLAG 
M2 monoclonal antibody (Sigma-Aldrich Co., St Louis, MO). Purification of 
recombinant BEER protein was perform^ using an anti-FLAG M2 affinity colunm 
(“ Mammalian Transient Expression System”, Sigma-Aldrich Co., St Louis, MO). The 
20 column profile was analyzed via SDS-^PAGE and Western Blot using miti-FLAG M2 
monoclonal antibody. 



B. Expression in SF9 insect cells: 



The human Beer gene sequence was amplified using PCR with standard 
25 conditions and the following primers: 

Sense primer: 5’-GTCGTCGGATCCATGGGGTGGCAGGCGTTCAAGAATGAT-3’ 

(SEQ1DN0:26) 

Antisense primer: 5’-GTCGTCAAGCTTCTACTTGTCATCGTCCtTGTAGTCGTA 
GGCGTTCTCCAGCTCGGC-3’ (SEQ ID NO:27) 

The resulting cDNA contained the coding region of Beer with two 
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modifications. The N-teminal secretion signal was removed and a FLAG epitope tag 
(Sigma) was fused in fiame to the C-terminal end of the insert. BatnHl and Hindlll 
cloning sites were added and the gene was subcloned into pMelBac vector (Invitrogen) 
for transfer into a baculoviral e}q>ression vector usii^ standard methods. 

5 Recombinant baculoviruses expressing Beer protein were made using the 

Bac-N-Blue transfection kit (Invitrogen) and ptuified according to the manufacturers 
instructions. 

SF9 cells (Invitrogen) were maintained in TNMJFH media (Invitrogen) 
containing 10% fetal calf senun. For protein expression, SF9 cultures in spinno: flasks 
nf were infected at an MOI of greater than 10. Samples of the media and cells were taken 
daily for five days, and Beer expresaon monitored by western blot using an anti-FLAG 
M2 monoclonal antibody (Sigma) or ah anti-B^r rabbit polyclonal antisarum. 

After five days the baculovirus-infected SF9 cells were harvested by 
centrifugation and cell associated protein was extracted fiom the cell pellet using a high 
15 salt extraction buffer (1 .5 M NaCl, 50 mM Tris pH 7.5). The extract (20 ml per 300 
ml culture) was clarified by centrifugation, dialyzed three times against four liters of 
Tris buffered saline (150 mM NaCl, 50 mM Tris pH 7.5), and clarified by 
centrifugation again. This high salt fiaction was applied to Hitrap Heparin (Pharmacia; 
5 ml bed volume), washed extensively with HEPES buffered saline (25 mM HEPES 
20 7.5, 150 mM Nacl) and bound proteins were eluted with a gradient firorh 150 mM NaCl 

to 1200 mM NaCl. Beer elution was observed at aproximately 800 mM NaCl. Beer 
containing fractions were supplemented to 10% glycerol and 1 mM DTT and fi'ozen at 
-80 degrees C. 
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EXAMPLE 4 

Preparation and Testing of Polyclonal Antibodies to Beer, Gremlin, and Dan 



A. Preparation of antigen: 

The DNA sequences of Human Beer, Human Gremlin, and Human Dan 




were amplified ii^ng standaid PCR methods with the following oligonucleotide 



primers; ’ ~ 

H; Beer 

Sense: 5 ’ -GACTTGGATCCCAGGGGTGGCAGGCGTTC- 3' (SEQ ID NO:28) 

5 Antisense 5* -AGCATAAGCTTCTAGTAGGCGTTCTCCAG- 3’ (SEQ ID NO;29) 

H. Gremlin 

Sense:. 5' -GACTTGGATCCGAAC3GGAAAAAGAAAGGG- 3' (SEQ ID NO;30) 
Antisense: 5' -AGCATAAGC 11 1 i AATCCAAA’IGGATGGA- 3' (SEQ ID NO:31) 
HPan 

Itf Sense; 5’ -ACTACGAGCTCGGGCCCACCACCCATCAACAAG- 3* (SEQ ID NO;32) 
Antisense: 5* -ACTTAGAAGCTTTCAGTCCTCAGCCCCeTCTTCC-3’ (SEQ ID 
NO;33) 

In each case the listed primers amplified the entire coding region minus 
the secretion signal setiuence. These include restriction sites for subcloning into the 
15 bacterial expression vector pQE-30 (Qiagen Inc., Valencia, CA) at sites Bamrll/Hindlil 
for Beer and Gremlin, and sites Sacl/Hindni for Dan. pQE30 contains a coding 
sequence for a 6x His tag at the 5' end of the cloning region. The completed constructs 
were transformed into £- coli strain M-15/pRep (Qiagen Inc) and individual clones 
verified by sequencing. Protein expression in M-15/pRep and purification (6xHis 
20 afBnity tag bindmg to Ni-NTA coupled to Sepharose) were performed as described by 

the manufacturer (Qiagen, The QIAexpressionist). 

The E. co//-derived Beer protein was recovered in significant quantity 
using solubilization in 6M guanidine and dialyzed to 2-4M to prevent precipitation 
during storage. Gremlin and Dan protein were recovered in higher quantity with 
25 solubilization in 6M guanidine and a post purification guanidine concentration of 0.5M. 

B. Production and testing of polyclonal antibodies; 

Polyclonal antibodies to each of the three antigens were produced in 
. rabbit and in chicken hosts using standard protocols (R & R Antibody, Stanwood, WA; 

30 standard protocol for rabbit immunization and antisera recovery; Short Protocols in 




Mol^ar Biology. 2nd edition. 1992. 11.37-11.41. Contributors Helen M. Cooper 
and Yvonne Paterson; chicken antisera was gooerated with Strategic Biosolutions, 
Ramona, CA). 

Rabbit antisera and chicken egg Igy fiaction were screened for activity 
1 5 via Western blot Each of the three antigens was separated by PAGE and transferred to 

0.45um nitrocellulose ^ovex, San Diego, CA). The membrane was cut into strips with 
each strip containing aj^roximately 75 ng of antigen. .The stnps were blocked in 3% 
Blotting Grade Block (Bid-Rad Laboratories, Hercules, CA) and v^hed 3 times in IX 
Tris buffer saline (TBS) 70.02% TWEEN buffer. The primary antibody 

nf (preimmunization bleeds, rabbit antisera or chicken egg IgY in dilutions ranging tom 

1:100 to l:10,00a in blocking buffer) was incubated with the strips for one hour with 
genUe rocking. A second series of three washes IX TBS/0.02%TWEEN was foHowed 
by an one hour incubation with the secondary antibody (peroxidase conjugated donkey 

anti-rabbit, Amersham Life Science, Piscataway, NJ; or peroxidase coiijugated donkey 

15 aiiti-chicken, Jackson ImmunoResearch, West Grove, PA). A final cycle of 3X washes 
of IX TBS/0.02%TWEEN was performed and the strips were developed with Lumi- 
Light Western Blotting Substrate (Roche Molecular Biochemicals, Mannheim, 
Germany). 

20 C. Antibody cross-reactivity test: 

Following the protocol described in the previous section, nitrocellulose 
strips of Beer, Gremlin or Dan were incubated with dilutions (1:5000 and 1:10,000) of 
their respective rabbit antisera or chicken egg IgY as well as to antisera or chicken egg 
Igy (dilutions 1:1000 and 1:5000) made to the remaining two antigens. The increased 

25 levels of nonmatching antibodies was performed to detect low affinity bindii^ by those 

antibodies that may be seen only at increased concentration. The protocol and duration 
of development is the same for all three binding events using the protocol described 
above. There was no antigen cross-reactivity observed for any of the antigens tested. 
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EXAMPLES 

Interaction OF Beer WITH TGF-beta Super-family Proteins 

The interaction of Beer with proteins fiom different phylogenetic arms of 
die TGF-p superfamily were studied using immunoprecipitation methods. Purified 
5 TGFp— 1, TGFp— 2, TGFp-3, BMP-4, BMP-5, BMP-6 and GDNF were obtained fiom 
commerical sources (R&D systems; Mirmeapolis, MN)> A representative protocol is as 
follows. Partially purified Beer was dialyzed into HEPES buffered saline (25 mM 
E^ES 7.5, 150 mM NaCl). Immunoprecipitadons woe done in 300 ul of IP buffer 
(150 mM NaCl, 25 mM Tris pH 7.5, ImM EDTA, 1.4 mM p-mercqitoethanol, 0.5 % 
r? triton X 100, and 10% glycerol). 30 ng recombinant hiunan BMP-5 protein OE^D 
systems) was applied to 15 ul of FLAG afiinity matrix (Sigma; St Louis MO)) in the 
presence and absence of 500 ng FLAG epitope-tagged Beer. The proteins were 
incubated for 4 hours @ 4“Cand then the afBnity matrix-associated proteins were 
washed 5 times in IP bhffer (1 ml per wash). The bound proteins weie eluted from the 
IS afBnity matrix in 60 microliters of IX SDS PAGE sample buffer. The proteins were 
resolved by SDS PAGE and Beer associated BMP-5 was detected by western blot using 
anti-BMP-5 antisehun (Research Diagnostics, Inc) (see Figure 5). 

BEER Ligand Binding Assay: 

20 FLAG-Beer protein (20 ng) is added to 100 ul PBS/0.2% BSA and 

adsorbed into each well of 96 well microtiter plate previously coated with anti-FLAG 
monoclonal antibody (Sigma; St Louis MO) and blocked with 10% BSA in PBS. This 
is conducted at room temperature for 60 minutes. Hiis protein solution is removed and 
the wells are washed to remove unbound protein. BMP-5 is added to each well in 
25 concentrations ranging fi-omlO pM to 500 nM in PBS/0.2% BSA and incubated for 2 
hours at room temperature. The binding solution is removed and the plate washed with 
three times with 200ul volumes of PBS/0.2% BSA. BMP-5 levels are then detected 
using BMP-5 anti-serum via ELISA (F.M. Ausubel et al (1998) Current Protocols in 
Mol Biol. Vol 2 11.2.1-112.22). Specific binding is calculated by subtracting non- 
30 specific binding from total binding and analyzed by the LIGAND program (Munson 
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and Podbaid, Anal. Biocheni., 107, p220-239, (1980). 



In -a variation of this method. Beer is oigineered and expressed as a 
human Fc fusion protein. Likewise the ligand BMP is engineered and expressed as 
mouse Fc fusion. These proteins are incubated togetho- and the assay conducted as 
5 described by Mellor et al using homogeneous time resolved fluorescence detection 
(G.W. Mellor et al., J of Biomol Screening. 5(2) 91-99, 1998). 



. EXAMPLE 6 

i0‘ Screening Assay FOR Inhibition OF TGF-beta BINDING-PROTEIN 

Binding TO TGF-beta Family Members 
TT ie assay described above is replicated with two exceptions. First, BMP 
concentration is held fixed at the Kd determined previously. Second, a collection of 
antagonist candidates is added at a fixed concentration (20 uM in the case of the small 
15 organic molecule collections and 1 uM in antibody studies). These candidate molecules 
(antagonists) of TGF-beta binding-protein binding include organic compounds derived 
fiom comrhercial or internal collections representing diverse chemical structures.- These 
compoimds are prqiared as stock solutions in DMSO and are added to assay wells at < 

> 1 % of final volurne under the standard assay conditions. These are incubated for 2 hours 

20 at room temperature with the BMP and Beer, the solution removed and the bound BMP 
is quantitated as described. Agents that inhibit 40% of the BMP binding observed in 
the absence of compound or antibody are considered antagonists of this interaction. 
These are further evaluated as potential inhibitors based on titration studies to determine 
their inhibition constants and their influence on TGF-beta binding-protein binding 
25 affinity. Comparable specificity control assays may also be conducted to establish the 
selectivity profile for the identified antagonist through studies using assays dependent 
on the BMP ligand action (e.g. BMP/BMP receptor cmnpetition study). 
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EXAMPLE? 



iNHiBrnoN OF TGF-beta binding-protein localization to Bone Matrix 

Ev^uation of inhibition of localization to bone matrix (bydioxyq}atite) 
is conducted using modifications to the method of Nicolas (Nicolas, V. Ccdcif Tissue Int 
5 57:206, 1995). Briefly, '^I-labelled TGF-beta binding-protein is prepared as described 

by Nicolas {stprd). Hydroxyapatite is added to each well of a 96 well microtiter plate 
equipped with a polypropylene filtration membrane (Polyfiltroninc,- Weymouth MA). 
TGF-beta binding-protein is added to 0.2% albumin m PBS buffer. The wells 
containing matrix are >^hed 3 times with this buffer. Adsorbed TGF-beta binding- 
19 protein is eluted using 0.3M NaOH and quantitated. 

Inhibitor identification is conducted via incubation of TGF-beta binding- 
protein with test molecules and ^plying the mixture to the matrix as described above. 
The matrix is washed 3 times with 0.2% albumin in PBS buffer. Adsorbed TGF-^beta 
binding-protein is eluted using 0.3 M NaOH and quantitated. Agents that inhibit 40% 
IS of the TGF-beta binding-protein binding observed in the absence of compound or 
antibody are considered bone localization inhibitors. These inhibitors are further 
characterized through dose response studies to determine their inhibition constants and 
their influence on TGF-beta binding-protein binding aflinity. 



20 

EXAMPLES 

Construction of TGF-beta BiNDiNG-PRO-reiN Mutant 
A. Mutagenesis: 

A full-length TGF-beta binding-protein cDNA in pBluescript SK serves 
25 as a template for mutagenesis. Briefly, appropriate primers (see the discussion provided 
above) are utilized to generate the DNA fiagment by polymerase chain reaction using 
Vent DNA polymerase (New England Biolabs, Beverly, MA)v The jjolymerase chain 
reaction is run for 23 cycles in buffers provided by the manufacturer using a 57®C 
annealing temperature. The product is then exposed to two restriction enzymes and 
30 after isolation using agarose gel electrophoresis, ligated back into pRBP4-503 from 
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v/faich the matching sequence has been removed by enzymatic digestion. Integrity of 
the mutant is verified by DNA sequencing. 



Bi Mammalian Cell Expressimi and Isolation of Mutant TGF-beta binding-protein: 

5 The mutant TGF-beta binding-protein cDNAs are transferred into the 

pcDNA3.1 mammalian e^qpression vector described in EXAMPLE 3. After verifying 
the sequence, the resultant constructs are transfected into COS-1 Cells, and secreted 
protein is purified as described in EXAMPLE 3. ' 

10 

EXAMPLE 9 
Animal Models -I 

Generation of Transgenic Mice Overexpressing the Beer Gene 

The —200 Idlobase (kb) BAC clone 15G5, isolated fix>m the CITB mouse 
15 genomic DNA library (distributed by Research Genetics, Huntsville, AL) was used to 
determine the complete sequence of the mouse Beer gene and its S' and 3' flanking 
regions. A 41 kb Sail fiagment, containing the entire gene body, plus —17 kb of 5’ 
flanking and —20 kb of 3’ flanking sequence was sub-cloned into the BamHI site of the 
SuperCosI cosmid vector (Stratagene, La Jolla, CA) and propagated in the E. coli strain 
20 DHIOB. From this cosmid construct, a 35 kb Mlul - Avill restriction fiagment 
(Sequence No. 6), including the entire mouse Beer gene, as well as 17 kb and 14 kb of 
S' and 3’ flanking sequence, respectively, was then gel purified, using conventional 
means, and used for microinjection of mouse ^gotes (DNX Trahsgenics; US Patent 
No. 4,873,191). Founder animals in which the cloned DNA fiagment was integrated 
. 25 randomly into the genome were obtained at a frequency of 5-30% of live-bom pups. 
The presence of the transgene was ascertained by performing Southern blot analysis of 
genomic DNA extracted fix>m a small amount of mouse tissue, such as the tip of a tail. 
DNA was extracted using the following protocol: tissue was digested overnight at 55®C 
in a lysis buffer containing 200 mM NaCl, 1 00 mM Tris pH8.5, 5 mM EDJA, 0.2% 
30 SDS and 0.5 mg/ml Proteinase K. The following day, the DNA was extracted once 





with phenol/chlorofonn (50:50), once with chlorofomi^soamylalcohol (24:1) and 
precipitated with ethanol. Upon lesuspension in TE (lOmM Tris pH7.5, 1 mM EDTA) 
8-10 ug of each DNA sample were digested with a restriction endonuclease, such as 
EcoRI, subjected to gel electrophoresis and transferred to a charged nylon membrane, 
5 such as HyBondN+ (Amersham, Arlington Heights, IL ). The resulting filter was then 
hybridized wth a radioacdvely labelled fiagment of DNA deriving fiom the mouse 
Beer gene-locus, and able to recognize bodi a fiagment from the endograous gene locus 
and a fiagment of a different size dwiving fioin the trahsgene. Foui»ier animals were 
bred to normal iion-transgenic mice to generate sufGcient numbers of transgenic and 
Iff nbn-transgenic progeny in which to detomine the effects of Beer gene ovetexpression. 
For these studies, animals at various ages (for example, 1 day, 3 wedcs, 6 weeks, 4 
months) are subjected to a number of different assays designed to ascertain gross 
skeletal formation, bone mineral density, bone mineral content, osteoclast and 
osteoblast activity, extent of endochondral ossification, cartilage formafion, etc. The 
15 transcriptional activity fix>m the transgene may be determined by extracting RNA from 
various tissues, and using an RT-PCR assay which takes advantage of single nucleotide 
polymorphisms between the mouse strain fiom which the transgene is derived (129Sv/J) 
and the strain of mice used for DNA microinjection [(C57BL5/J x SJL/J)F2]. 

20 . Animal Models - II 

Disruption of the Mouse BEER Gene by Homologous Recombination 

Homologous recombination in embryonic stem (ES) cells can be used to 
inactivate the endogenous mouse Beer gene and subsequently generate animals carrying 
the loss-of-fimction mutation. A reporter gene, such as the £. coU ^gcdactosidase 
25 gene^ was engineered into the targeting vector so that its expression is controlled by the 
endogenous Beer gene’s promoter and translational initiation signal. In this way, the 
spatial and temporal patterns of Beer gene expression can be determined in animals 
carrying a targeted allele. 

The targeting vector was constracted by first cloning the dmg-selectable 
30 phosphoglycerate kinase (PGK) promoter driven neomycin-resistance gene (neo) 
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cassette from pGT-N29 (New England Biolabs, Beverly, MA) into the cloning vector 
pSP72 (Ptomega,-Madson, WI). PCR was used to flank the PGKwcd cass^ wifli 
bacteriophage PI loxP sites, vWch are recognition sites for the PI Cre recombinase 
(Hoess et al., PNAS USA, 79:3398, 1982). This allows subsequent removal of the neo- 
5 resistance marker in tai^etedES cells or ES cell-derived animals (US Patent 4 , 9593 17). 
The PCR primers were comprised of the 34 nucleotide (ntd) loxP sequence, 15-25 ntd 
complementary to the 5' and 3* ends of the PGKneo cassette, as well as restriction 
enzyme recognition sites (BamHI in the sense primer and EcoRI in the anti-sense 
primer) for cloning into pSP72. The sequence of the sense prima was 5*- 
.llf AATGTGGATCCATAAGTTCGTATAGCATACATTATACGAAGTTATCTGCAG . 
GATTCGAGGGCCCCT-3' (SEQ ID NO:34); sequence of thennti-sense prima was 5 - 
AATCTGAATTCCACCGGTGTTAATTAAATAACTTCGT 
ATAATGTATGCTATACGAAGTTATAGATCTAGAG TCAGCTTCTGA-3' (SEQ 
IDNO:35). 

15 The next Step was to clone a 3.6 kb XhoI-HindEQ fragment, containing 

tjhe K coli ^-galactosidase gene and SV40 ' polyadenylation signal from pSVp 
(Clontech, Palo Alto, CA) into the pSP72-PGKneo plasmid. The "short arm" of 
homology from the mouse Beer gene locus was generated by amplifying a 2.4 kb 
fragment from the BAG clone 15G5. The 3’ end of the fragment coincided with the 
20 translational initiation site of the Beer gene, and the anti-sense primer u^d in the PGR 
also included 30 ntd complementary to the 5’ end of the ^galactosidase gene so that its 
coding region could be fused to the Beer initiation site in-frame. The approach taken 
for introducing the "short arm" into the pSP72-Pgal-PGKneo plasmid was to linearize 
the plasmid at a site upstream of the P-ga/ gene and then to co-transform this fragment 
25 With the "short arm" PGR product and to select for plasmids in which the PGR product 
was integrated by homologous recombination. The sense primer for the "short arm" 
amplification included 30 ntd complementary to the pSP72 vector to allow for this 
recombination event. The sequence of the sense primer was 5'-ATTTAGGTGAGAGT 
ATAGAAGTCGAGGAGGTGAAGGTTAAGGAGATGGTGGGTGAGAACGAT-3' 

30 (SEQ ID NO:36) and the sequence of the anti-sense primer was 5’- 
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AACGAGGGCCAGTGAAtCCGTA 

ATCATGGTCATGCTGCCAGGTGGAGGAGGGCA-3’ (SEQ ID NO:37). 

The "long aim" fiom the Beer gene locus was generated by amplifying a 
6.1 kb fiagment from BAG clone 15GS with primers which also introduce the raie- 
5 cutting restriction en 2 yme sites SgrAI, Fsel, AscI and Pacl. Specifically, die sequence 
of the sense primer was 5’-ATTAGGAGGGGTGAGAGGGGGTTGGTGAGAG-3' (SEQ 
ID NO:38); the sequent^ of the anti-sense . primer was 5'- 
ATTAGTTAATTAAAGATGGGGGGGGAT 

ATGGGGGGGGGGTAATTGGGGGGGATGGTTAAtT-3' (SEQ ID NO:39). The 
resulting PGR product was cloned into the TA vector (Invitrogen, Garlsb^ GA ) as an 
interm^ate step. 

The mouse Beer gene targeting constroct also included a second 
Selectable marker^ the herpes simplex virus I thymidine kinase gene (HSVTK) under the 
control of rous sarcoma virus long terminal repeat element (RS V LTR). Expression of 
IS this gene renders mammalian cells sensitive (and inviable) to gancyclovir, it is therefore 
a convenient way to select against neomycin-iesisfiint cells in which the construct has 
integrated by a non-homologous event. (US Patent 5,464,764). The RSVLTR-HSVTK 
cassette was ainplified from pPS1337 using primers that allow subsequent cloning into 
the Fsel and AscI sites of the "long arm"-TA. vector plasmid. For this PGR, the 
20 sequence of the sense primer was 5’-ATTAGGGGGGGGGGGAAAGGAATTGAAGA 
TGTGA-3' (SEQ ID NO:40); the sequence of the anti-sense primer was 5- 
ATTAGGGGGGGGGGGTG AGAGGGGGCAGGGAGGT-3' (SEQ ID NO:41). 

The fiiud step in the construction of the targeting vector involved cloning 
the 8.8 kb SgrAI-AscI fragmoit containing the "long arm" and ^VLTR-HSVTK gene 
25 into the SgrAI and AscI sites of the pSP72-"short aim"-pgal-PGKneo plasmid. This 
targeting vector was linearized by digestion with either AscI or Pad before 
electroporation into ES cells. 





EXAMPLE 10 



- Aimtisense-mediated Beer Inactivation 

17-nucleotide antisense oligonucleotides are prepared in an overl^ping 
format, in such a way that the 5' end of the first oligonucleotide oveilaps die translation 
5 mtiating AUG of the Bew transcript, and the 5' ends of successive oligonucleotides 
occur in 5 nucleotide increments moving in die 5’ direction (up to 50 nucleotides away), 
relative to die Beer AUG.. Corresponding control oligonucleotides are designed and- 
prej«red using equivalent base composition but re^stributed in sequence to inhibit any 
significant hybridisation to the coding mRNA. Reagent delivay to the test cellular 
to system is conducted through cationic lipid delivery (P.L. Feigner, Proc. Neal Acad, Scl 
USA 84:7413, 1987). 2 ug of antisense oligonucleotide is added to 100 ul of reduced 
serum media (Opti-MEM I reduced serum media; Life Technologies, Gaithrasburg MD) 
and this is mixed with Lipofectin reagent (6 ul) (Life Technologies, Gaidiersburg MD) 
in the 100 ul of reduced serum media. These are mixed, allowed to complex for 30 • 
1 5 minutes at room temperature and the mixture is added to previously seeded I^C3T3E21 
or BCS483 cells. These cells are cultured and the mRNA recovered. Beer mRNA is 
monitored usmg RTrPCR in conjunction with Beer specific prim^. In addition, 
si^arate experimental wells are collected and protein levels characterized through 
western blot methods described in Example 4. The cells are harvested, resuspended in 
20 lysis buffer (50 mM Tris pH 7.5, 20 mM NaCl, ImM EDTA, 1% SDS) and the soluble 
protein collected. This material is applied to 10-20 % gradient denaturing SDS PAGE. 
The separated proteins are transferred to nitrocellulose and the western blot conducted 
as above using the antibody reagents described. In parallel, the control oligonucleotides 
are added to identical cultures and experimental operations are repeated. Decrease in 
25 Beer mRNA or protein levels are considered significant if the treatment with the 
antisense oligonucleotide results in a 50% change in either instance compared to the 
control scrambled oligonucleotide. This methodology enables selective gene 
inactivation and subsequent phenotype characterization of the mineralized nodules in 
the tissue culture model. 




















SEQUENCES 






Se< 3 uence H> Ho. 1: Human BSBR cDNA. (cosqDlete coding region plus 5 ’and 3r* 

DTRs) 



CGaGCTCGGAGAGTACCCCGAGCCKXavcaSGAGCTaSAGAACAACAAGACCATCAACCXSGGCGGAGAACGGAGGGCGGC 

CrCCCCA<XACX:CCTTIXaGACCAA7^CGTXntX:GAGTACAGCTGCCGCGAGCTGCAC^^ 

10 GGGCCGTGCCX3C3^GCXXX:AAGCCGGTC3U:!a3AG C TGGTGTGCTCCGGCCAGTGCXy3CCCGGCGC^^ 



15 



WSCTGCTGTGTCCXXXntOT^AGGCGCCGOGCXXXSaKAAGGTGCXXXTGGTGGCXnXXrreCAaGTGCAAGaK^^ 

OGCTTCCACAACCAGTa»aGCTC3VAGGACTTOGGGACCGAGGCX:GCIXXXK^^ 

CGCCCGGAGCGOTUUtf;CCAACCWKXX:GAGCrGGAGAAaXXrrACTftGAGa:CGCXrGCGCXXXr^^ 



AACCCAGGGCAGGGGGCTGAGACGTTCCAGGCCXrrGAGGAATCXXXSGGCGCeGGCAAGGCXXXXXTC^^ • 

AGGG(jrCCCACGGGGatf3GGGAGGGAATTGAGAGTCACAGAaiCrrGaGCC3a5CX3tf^^ 



2^ CX!AGAGCA(3UU3AClt3GGGGCAACTXnAGftTGTGGTTTCT A GTCXnX3GCTCTt^^ , 

TAaU!AATTCTC(:rnX»;GACCltaATTTCCACTTT G T A AAyrGAGGGTGGAGGT<kSG;ua3^^ 



. CAGTTGCATTGMTCASTGCCAAGGTCACTTCCASAATTCAGAGTTGTGATGCT^^ •* 

CAAAOVGAAAAAAAAAAGTATiAGAGTCTATrTATGGCTGACATATTTACGGCTOACAAACTOTXXa^^ * 

25 CTTCCC»GCCltX5CTTCCXX»GATGTTTGGCTACCTCX:ACCX:CTCaVTCTa\AAGAAATAAC^^ . 

AAAGGAGAGGGTCCGAGGGTt3GTGGGAGGGATAGAAAIt3lCATCCGCCXCAACTTGCX:AAAGftGCAGCATCGCrCCC^^ , 
AC(XATAGCaVTGTTTTAAAGTCA(XTTC(:X3AAGAGAAGTGAAAGGlrrCAAGGACAGTGGCCTTGCAGGCCCGAGGGA^ * 
jyGCCATCACAAACTCACAGACCAGCAawrCCXrrTTTGAGA^CCXXXTTCTGCCCA(XACtCACG^ 

* AGAAAACAGCrrcnTACTGCTCITACaTGTGATGGCATATCTTACACrAAAAGAATATTATTGG^^ 

30 '•:GCTGTACATATGCrGAGAAApXXaGAGCATAATAGCT6CX3VCCCAAAAATCT T TTTG A AAATCATrrCa^^^ 

rGACATATGAAAGCCTGCAGGACT 



35 



ATTTATTTTCTCACrTAAGTTATTTATGCAAAA G TTTTTCT TCTA GAGAATGACAATGTTAAT A TT G CTTT A TG^ 

VTCATC3ACCGAAAG 



Sequence ID Ho. 2; Human BEER protein (complete sequence) 

MQLPLALCLVCLLVHTAFRWEGQGWQAFKNDATEI IPEI/5EYPEPPPELENNKTMNRAENGGRPPHHPFETKDVSEYSC 
40 RELHFTRYVTDGPCRSAKPVTELVCSGQCGPARLLPNAIGRGKWWRPSGPDFRCIPDRYRAQRVQLLCPGGEAPRARKVR 
LVASCKCIOaiTRFHNQSELKProTEAARPQKGRKPRPRARSAKANQAELENAY 



45 Sequence ID Ho. 3: Human Beer cDHA containing Sclerosteosis nonsense * 

mutation 



50 



55 



60 



65 



AGAGCCTGTGCTACTCGAAGGTGGCOTGCCCTCCTCTGGCltXSTACCATGCAGCTCCCACnXKKXXTGTGTCTCGTCtGC 

CTGCnX^GTACACACa^CmXXJlCTAGTGGAGGGCTAGGGGTGGCAGGarrTCAAGAATGATGGavCGGAAAT^ 

CGJUKrrOMAGAGTACCCCGAGCCTCCACCGGAGCTGGAGAAGAACAAGACCATGAACCGGGCGGAGAACGGAGGGCGGC 

CTGCXX:ACCACCCCTTTGAGACCAAAGACGTGTCXX3AGTACAGCTGCCGCGAGCTGCACTTCACCCGCTAC^^ 

GGGCOGXGCCGCAGGGCCAAGCaSGTCACaSAGCTGGTGTGCTCCGGCCAGTGCGGCCCX^GCGCX;^^ 

CATOSGCOGCGGCAAGTGGTGGCGACXrrAGTGGGCCCGACTTCCGCrGCATCXXXXSAiCXXXrnwCXX;^^ 

CXXnTCCACAACCAGTCGGAGCTCAAGGACTTCGGGACrGWSGCXXKrrCGGCCGCAGAAGGGCXX^GAJ^GCCGCGGCCCCXS 



CGCCCGGAGCXX:CAAAGCCAACCAGGCCGAGCIXX3AGAACGCCTACTAGAGCCrGCCCGCXXXX:CTCCCCACCGGCGGGC 



AACCCAGGGCAGGGGGCTGAGACCTTCCAGGCCCTGAGGAATCXrOGGGCGCOGGCAAGGaXXXXrrcAGCCaXXAG^ 

AGGGGTCCCACGGGGCAGGGGAGGGAATTGAGAGTCACAGACACTGAGCCACGCAGCrCCGCCTCTGGGGCCXM:CTACCT 

TTGCTGGTCCCACTTCAGAGGAGGCAGAAATGGAAGCATTTTCACCGCCCTGGGGrrrTAAGGGAGCGGTGTGGGAGTGG 

GAAAGTCXIAGGGACTGGrrTAAGAAAGTTGGATAAGATTCCCCXrrTGCACCTCXXrrGCCCATCAGAAAGCXrrGAGGCGTGC 

CplGAGCAC^GACrGGGGGCAACTGTAGATGTGGTTTCTAGTCCTGGCTCTGCCACTAAGTTGCTGTGTAACCTTGAAC 



TACACAATTCTCCTTCXX^GACCTCAATTTCXrACrrTTGTAAAATGAGGGTGGAGGTGGGAATAGGATCTCGAGGAGAeTAT 

TGGCATATGATTCCAAGGACTGCAGTGCCTTTTGAATGGGCAGAGGTGAGAGAGAGAGAGAGAAAG^AGAGAATGAATG 

aVGTTGCATTGATTCAGTGCCAAGGTO^CTTCCAGAATTCAGAGTTGTGATGCTCTCTTCTGACAGCCAAAGATGAAAAA 












*. tB4iymiaj«yaaP,i’t»fc.-.vi»"4-;ji;. 



. . - oVAACAGJUUVAAJUUUkAGTiUUWGftBTCTATTTATGGCTGJ^TATT™ w; 

^ CTTCCCflGLXrit XCTl tXXXJGGAaCTTTGGCTACCTCCAiGCCCT ^ ' ' 

ACCCaaJUKXATCriTTTJaUUntaCCTTCaSAAGAGAAGTGAi^^ 

5 j^GCCairCACAAACTCACftGACCitfXJACMCCCTTrTGftGACACXSjOCTTCTGCCCACCACICTC^^ 

AGAAftAaWB CX TCTT A CTGCTCTTACATGTCaiTGGCM^aCTTAatfrnUUU^ 

GCTCXACATAOXXrrGAGAAACTGCftSftGCATAATAGCTGCCACCXaAAAAtC^^ 

TTAL nT i l ^T G TGT ACTi TTT A ATTGTTJAflAAAAAAARiCTTTTAAACM^AAGC^CATGACftTAlGAAJtfXCT^^ 



Sequence TO No. 4: Truncated Human teer protein from Sclerosteosis 



MQI^IJdjCLyCI-LVHTAER^^ 



20 Sequence TO Nb. 5: Human BKBR c0NR encoding protein variant (VlOI) 

■'& * . • . *• ■* ■* ' 
AGAG(XritnXKTJtf!rrGGAAGGTGGCGTGCCCTCCTCT GG CTGGTACX:AT^^ 
CKXjTGGTACAGACAGCCTTCCOTGTAGTGGAGGGCCAGGGGTGGCftGGCGTTCJUVGAAa^^ 
^ftfy*r^ryiAruifrTArpfyratf5CXnTT!ACCGGAGCTGGAGAACAACAAfiACCATGAACCGGGC(^^ 

25 cTGcaauxacajCTTtdausACCAAACAarrcnxxGAGTAC^^ 

CATCGGCCGCGGCAAGTGGTGGCGACCTAGTGGGCCCGACTTCCGCnXJVTCXXXXSACC^^ 

AG CItjC T G TX 5 TCXXy3 G TG G TC a ^GGCGCCGCXKJGCGCGCAAGGTGCGCCTGGTGGCXrrCGTGC3tfU^ 

CGCTTCCAC3iACaVGTOGGAGCTCAAGGACTTCXX3GACCGAGGCOCKrKXK3C(X3CAGAAGGGGCG^^ 

30 cGCXXXSGAGOGCO^AAGCCAACCAGGCCXSAGCTCGftGAACXJCCrACTAGAGCCCG^ 

GCCCCX3GCCCni3AACCXfGCGCCCCACATlTCTGTCtTCTGCXjO^~iXiGI^X^TGiAlTGTTTATATXTC^ 

ftj^CCCAGG6CAGGGG (X nX33lGACClTCCAGGCCCrGaGGAATCCCGGGCGCCGGCAAGGCCCCCCTC^^ 

. AGGGGTCCCAOjGGGCAGGGGACGGAATTGAGAGTCaCAGACACrGAGGCACGGftGCCXXXKCTCrreGGG^ 
TTGCT G GTCXX:ACTTCAGAGGAGGCAGAAATGGAAGGATTT^'C:ACCCK;CCTGGGG•J^^iTAAGGGAGC^TGTGGG AG7:^ 

35 GAAAGTCCAGGGACn^GTTAAGAAA6TT0GATAAGATTCXX:COTXX3VCCTC^ 

CCAGAGCftCAAGACTGGGGGCAACTCnTWGATGTGGTriXrrAGTXXTtXXrrCTGCpVCrAACTTGCTCt^ 

TCGCATATGATTGGAAGGACTGCaGTGCCnTTTGAATGOSCAGAGGTGAGAGAGAGAGAGftGAAflGAGAGAGAAT^ 

C3\GTTGCATTGATTCAGTGCCAAGGTCACTTCX3yGAATTCJU5AGTTGTGATGGTCrCT^CTGAC7UX!<^^ 

40 CAAAOWGAAAAAAAAAAGTAAAGaGTCTATTTATGGCTGACATATTTACGGCTGACAAACTCCriXySAAG AAGC T ATGC TO 
CrrrCCCAG(XTGGCTTCX!COGGATGTTlt3GCrrACCriXXACCCCTCXATCTCAAAGAAATAACATCATCCATTGG^^ 
j\A;^ 3GAGAGGGTCX:GAGGGTGGTGGGAGGGATAGAAATGACATCCGCCCCAACTTCCCAAAGAGCAGCATCCCTCCCCCG 
ACCOlTAGCXMGTTTTAAAGTCACCTTCCGAAGAGAAGTGAAAGG|TTCAAGGAaiCTGGCCTTGp\GGCCOGJ^^AGC 
AGCCATCACAAACTCACAGACCAGCACATCCCTTTTGAGACACCGCXrrtCTGCCCACCACTCAGGGACACATTTCTGrc 
45 AGAAAACAG Ci TCTTACreCT C TT A CATGTGATGGCATATCrTACACTAAAAGAyrATTATTGGG GGAA AAACTACAAGT 
GCntrrACATATGCTGAGAAACTGCAGAGCATAATAGCTGCGACXrCAAAAATCTTTTroAAAATCATTTC Qtf^ CAACGTC 
TTA ClTT C TC T G T AG T T TTTAATrGTTAAAAAAAAAAAGTTTTAAACAGAAGCACATGACATATGAAAGCCTGCAGGACT 

ATTTATTTTCTCACTTAAGTTATTTATGCAAAAGTlTlTCrTGTAGAGAATGACAATGTTAATATTGCTTTATGAATTAA 

50 caGTCTGTTCTTCCAGAGTCCAGAGACATTGTTAATAAAGACAATGAATCATGACCGAAAG 



Sequence TO No. 6; Human BEER protein v^iant (VlOI) 

55 mQLPLALCLICXLVHTAFRVVEGQGWQAFKNDATEI IREIXSEYPBPPPELENNlCrMNRAENGGRPPlfflPFETKDVSEYSC 

REIiIFTRYVTIX3PCRSAKPVimVCSGQCGPAIU*M»NAIGRGICWHRPSGPDFRCI PDRYRAQRVQLLCPGGEAPRARKVR 
LVASCKCKRLTRFHNQSELKDFGTEAARPQKGRKPRPRARSAKANQAELENAY 



Ov 

Sequence TO No. 7: Human Beer cDNA encoding protein variant (P38R) 

AGAGCCnxnXSCTACTGGAAGGTGGCGTGCCCTCCTCnXSGCTGGTACCATGCAGCTCCCACTGGCCCTGTGTCTCGTCTGC 

ctgctggtacacacagccttccgtgtagtggagggccaggggtggcaggcgttcaagaatgatgccacggaaatcatccg 
65 cgagctcggagagtaccccgagcctccaccggagctggagaacaacaagaccatgaaccxsggcggagaacggagggcggc 

CTCXCCACavCCCCTTTGAGACCAAAGACGTGTCCGAGTACAGCTGCCGCGAGCTGCACTTCACCCGCTACGTGACCGAT 
GGGCCXjTGCCGCAGCGCCAAGCCGGTCACCGAGCTGGTGTGCTCXXSGCCAGTGCGGCCCGGCGCGCCTGCTGCCCAACGC 











-:%tis-i'ji -.y.-rt: ■ " ;^. . -s 






. 3 ; 



j o.Va-^ jii 



CKrcGGCOa:GGCAAGTO(nGGCGAOCTftGlXX3(XXXXS?Un^^ 1, .. ,1 

iWCKnEtKnxnGT(XX]GGTGGTt3AGGCXKX3GCGOGCGOGCaft&CnXXXXXri WitaGCC^^ 
OXnTCCftCAACCaGTaXSAGCrCAAGGACryCXS G GACOGAGGCCCCTXXySCOGaUSAftGGGCCGGa^^^ 
CGCCCGGftGOGCCAAAGCCAACCAGXKXXHWBGlGGaGAACGCCTACI^^ 

GIUUUntX3lSGGACIG G TT A AGftftAGrrTGGA33UWS A 'rtCCCCCTT G CACCroXTO 



TACAC3ATTCTCX:TrCGGGACCTCJUlTTTCGACTTTCT3UUATGW3GGTGGAGGTGGGAAri«3GAT^^ 
TGGCATATGATTCX3\AGGACrrCCAGTGCCTTTTGAATGG(5CftGAGGTGftGflGftGJM3AGAGAGWVAGAGAGA6AATGAATO 
C3kGTTGCATTGATTCAGTt3CCAAGGTCACTrCC3VGAArrCAGAGTTCn6ATGCTCT^^ 
CAAACAGftAAAAARAAASTiUtf^Gftgltrr A TTTOrGGCTGACATATTTAiCGGCTGA 
15 CTTCCCAGCCTGGCTTCCCXXWATGTTTGGCTACXrrCCACXXrCTCCATCTCAAAGAAATAACArCA^^ 

ACCCATMKX3VTGTTrtAAAGTCACCTTC»3AAGASAASTGAAAQGTTC3UyG^^ 



AGAAAACAGCTTOTACTGCTCrouaiTGTGATGGCAEATCTTACACTAAAAS;^ 
20 GCTGTACATATGCTGAGAAACTGC^yGAGCAtAAIAGClGCCACCCAAAAATCrrT^^ 

ttactttctgtgtagtttttaattgttawUaaaaajUgtttt^ 

C3UGTCTXnTCTKX3^GAGTCatf3AGAC3^^^ 



Sequence ID Ho.. 8: Hustan Beer protein variant (P38R) 

MQIJ>IJ^IX3,VGU*VHXAFRVVBGQGWQAFKNnAXBIIKEI^BYPEPPPELaJNKTMNRAENGGRPPHHPFETJa>'/SHySG 
30 REUIFTRYVTDGPCRSAKPVTELyCSG<KX3PARMJ>NAIGRGK>n'WPSGPDFRCIPDRYRAQRVQIJXi?GGEAPRAIUCVR 
LVASOCCIOUiTRFHHQSEUa^FGTEAARPQKGRKPRPEARSAKMIQAELEKAY 



35 Sequence ID Ho. 9: Veryet BEER. cDlDV (coiaplete coding region) 




GGCCTTCAAGAATGATGCCACGGAAATCATCCCCGAGCrCGGAGAGTACaXGAGCCrCCACCGGTttXrTGGAGAAGAACA 

AGACCATGAACCXKSGOGGAGAA!rGGAGGGCGGCCTCCCCACCAC<XXrrTTGAGACCAAAGAC^ 

(XaiGTGCGGCCCGGCACGCCrGCTGCCXrAAaSCCAlXXKXXIGCGGCAAGTGGTGGCGCCaSAGTGGGCCCGACTTCC^^ 

GCATCCCCGACCXXrrACCGCGCXK3VGCOTt3TGCAGCTGCTGTGTCCCGGTGGTGCCXKXKXX;CGCXXXXX5P^AG(7rGC^ 

CTOGTGGCCTCGTGCAAGTGCAAGCGCCTCACCCXXriTCaUia^CCAGTCGGAGCntaAGGACTTCGGTC^^ 

TCXXXX3GCAGAAGGGCCGGAAGCCGCGGCCCCGCGCCCGGGGGGCCAAAGCX:AATC3«3GCCGAGCTGGAGAA(X;CX:TACT 

45 AG 



Sequence ID No. 10: Vervet BKKR protein (complete sequence) 

50 MQLPLALCLVCIiLVHAAFRVVEGQGWQAFKNDATEIIPEIjGEYPEPPPELENNKTMNRAENGGRPPHHPFETKDVSEYSC 
REUiFTRYVTDGPCkSAKPVTELVCSGQCGPARLLPHAIGRGKWWRPSGPDFRCIPDRYRAQRVQLLCPGGAAPRARKVR 
LYASCKC3®I.TRFHNQSKLKDFT3PBAARPQKGRKP^RARGAKANQAELEMAY 



55 

Sequence ID No. 11: Mouse BEER cDNA (coding region only) 

ATGCAGCC(nXJVCTAGCCCCXnXKXriX:ATCrGCCIAClTCTGCACGCriGCCTT(nGTGCriXjroGAGG<^^ 

AGCCTTCAGGAATGATGCCACAGAGGTCATCCCAGGGCTTGGAGAGTACCCCXjAGCCTCCTCCIGAGAAGAACXI AGAO CA 
60 TGAACXX3GGO;GAGAATGG7VGGaVGACCTCCCaVCX:ATCXXrrATGACGCCAAAGGTGTC?rCCX5AGTACAGCTGCCGCGAG 

CKK:ACrACA(XCGCrTCCTGACAGACGGCCCATGCa5C»GCGCCAAGCCX3GTCACCGAGTTGGTGTGCTCC^ 

• CG^CCCCGCGCXSGCTGCTGCCCAAaSCCATCGGGCGCGTGAAGTGGTGGCGCCCGAACGGACCGGATTTCCGCTGCATCC 

. cggatcgctaccgcgcgcagcgggtgcagctgctgtgccccgggggcgcggcgccgcgctcgcgcaaggtgcgtctggtg 

GCCrCGTGCAAGTGCAAGCGCCTCACCCGCrrCCACAACCAGTCGGAGCTCAAGGACrTCXXKSGCGGAGACCGCGCGGCC 

65 GCAGAAGGGTOXIAAGarGCGGCXICXSGCGCCCGGGGAGCCAAAGCCAACCAGGCGGAGCTGGAGAACGCCTACTAGAG 




Sequence ID Mb. 'U: Mouse BBER protein (complete sequence) 



.5 MQPSIAPCLICLLVHAAFCAVBGQGWQAFRNDATBVIPGiJGEyPEPPPENNQTMNRAENGGRPPHHPTfDAKDVSEYSCRB 
UrrrRFI#TDGPCRSAKPVTBLVCSGQCGPARIiI*PNAIOTVKWWRPKGPDFRCIPDIlYRAQRVQLIX:PGG3U^RSRKVRI.V 
. ASCraCRLTRFHNQSBIJCDPePE17U«>QKGRKPRPGARGAia^QABI^^ 



10 



Sequence ID Mb. 135 Rat BEBR cDNA (conplete coding region plus 5* UTR) 



GC C Tra?TTtXrrGTGGAGftGCC3WSGGGTGGCAaSCXOTGftAGAiVTGATGCqtf3tf3AAA!^^ » 

1 5 CXX3tfSAGCXrrCCrit3kGGRACTM3WGaAC3^aU3ACCMX3AACI3GG60C^^ 

ATGAOUX3UtfUC»OGrrGTCOGaWST2lC3«KrrGCCGCX3U3CTGC3Mri3lC3U^ 

GTGGTGGCGCCCGAAOGGAOCXXSjunTCCGCTGaVXOCtSSGATCGCTACCXX:^^ 

^ TOSGAGCTCAAGGACrTOGGWXnXSAGAlXGiiCGCGGCCGCMAAG® 

AGCC1>ACCAGGCCSGMSC^^ 



Sequence ID Mo. 14 s Rat BEER protein (complete sequence) 

25 

MQLSIAPOJlCIJ^VHAAFVAVBSQGWQArKNDArailPGIREYP^PQEIiEmiQTMNRAENGGRPPHHPyirrKDVSEYSC 
RELHYTRF\mX5PCRSAKPVTELVCSGQ(XiPARIXPNAIGRVK>n«U>NGPDiRCIPDR3fRilQRVQIiLCPGGAaPRSRKVR 
. BVASCKCaOlBTRFHNQSELKpFGPETARPQKGRKPRPRARGAKANQABLEHAY 



30 

Sequence ID Mo. 15: Bovine BEER cDMA (partial coding sequence) 

AQAAiX3ATGCCACAGAAATaVTCqCXX3A6CIX3GGCGAGTACCCCGAGCCTCTGC^^ 

35 CGGGCGGASAACGGAGGGAGACCTC(XXACaVCX:(XTTr G AGACCARAGACGCClXXX3AGTACAGCTGC^^ 

CGGCGCGCCTGCTCCCCAACGCCATCXSGCCGCGCK^^ASTGGTGGCGaXMGaSGGCCX^ 

CGCTACXXXX5CGCAGCGGGTCCAGCIXnTOTGtCXrrGGOGGCGCGGCGCCXKXXXXX3CGCAAGGTGCGCOT 

GTGCAAGTGCAAGCGCCTCACTCGCTTCXIACAACCAGTCCGAGCTCAAGGACTTCGGGCCCGAGGCCGCGCGGCCGCAAA 

40 OK3GCCGGAAGCrGCGGCCCCGaXXXXK;GGCACCWUiG^ 



Sequence ID No. 16: Bovine BEER protein (partial sequence -- missing signal 

sequence and last 6 residues) 

45 

NDATBI 1 PBLGEYPEPLPEIMNKTMmUVENGGRPPHHPFETia)ASEYSCRELHFTRYVTpGPCRSAKPVTELVCSGQCGP 
ARLLPNAIGRGKWWRPSGPDFRCIPDRYRAQRVQLLCPGGAAPRARKVRLVASCKCKRLTRFHNQSELKDFGPEAARPQT 

GRKLRPRARGTKASRA 

50 

Sequence ID Mo. 17: Mlul - AVlII restriction fragment used to make mouse Beer 

transgene 

55 aXX3TTTTG G TGAGCAG<aATATTGCGCTrCGATGAGCCTTGGanrroAGATTGATACCTCTGCTGCAC3^ 

GACCGAGCTGGACX:AGCGCATTCGTGACACCGTCTCCTTCGAACTTATTa5CAATGGAGTGTCATTCATCAAGGACNGCC 
TGATCGCAAATGGTGCTATCCACGCAGCGGCAATCGAAAACXXrrCAGCXiynGACCAATATCTACAA CATCaGC CTreGT 
ATCCrcCGTGATGAGCCAGCGCAGAAC3VAGGTAACani3iGTGCCGATAAGTTCAAAGTTAAACCTGGTGTTGATACCAA 
CATTGAAAOGTTGATCGAAAACGCGCTGAAAAACXKrrGCTGAATGTGCGGCGCTGGATGTCAGAAAGCAAATGGCAGCAG 
60 ACaUVGAAAGCGATGGATGAACTGGCTTCCtATGTCCGCACGGCpO'CATXyiTGGAATGTTTCCCCGGTGGTGTTATCTGG 
' CAGCAGTGCan'ayvTAGTATGCAATTGATAATTATTATCATTTGCX3GGTCCrTTCCGGCX5ATCCGCCTTGTTACX3GGGC 

GGCGACCrCGCGGGTTTTCGCTATTTATGAAAATTrrCCGGTTTAAGGCGTTTCCGTTCTTCTTCGTCATAACTTM^CT 
TTTTATTTAAAATACCCTCTGAAAAGAAAGGAAACGACAGGTGCrGAAAGCX»GCTTTTTGGCCrrCTGTCGTTTCXrTTTC 







'r~ 'jV 
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TCXX3GGCa^'^TACGACrcACTATW?GGATO^ 

CXXaGAGAaSCCCCCCRACCCCCAAAGTGCCTG?lCCTCAGCXritrrACCflGCTCTGGCTTC3C^^ 



ACTT3U3AT6GJUU0U^AACAAAATGATMAGACCO3AGCCATCrGAAAATrCCTCCT^ 

mTTATTGAGCKXnATGT G TTCrT Arri T A AAAftGAAAACTTTA(nX3lTGTTATTARTAftGAAT^^ • 

A TCTTTOATGTCTTAC A TGTGTGTTTCCTGTCCTGCAiCX:Tjtfy3AC^^ 

TCACATGATOtfnxrrCAGACACTTGGXX^GCaGGTTGCATGTACTGCATCGC^ 

GAGCTGMATMATGGACGCACTCTTCAGCATTClxnCiAOGTGGCTGTGCA^ 

GACTCACAGGGTCAGCXrnXAGCTCAGTOGCTGaiTASTCTTAGGGAACCTCTCCX^ 

AGAAGaaWKSQGXOTTOGOOTCTXatfSGAiCXXrrGCTTtKnrGtMGGACJ^^ 

AG6C3VXAinTmAOG|UnX3ATGGCIGCCTTGGAGAACACATCGTTT(XXXr^ 

G C TG C TCA(krroGGABGATCAACTOCATACCTAAAGCCAASCCTftAAa’ .Tl^ ^ 



T!ATCCTCTCTT AG< n! A lGAq\GGACTCnxy3U3GA[»a «j r GC TTTCT 

ACATTGX3UGAGAScdrCAGAACnnrAGinrA(XA6TGTG6TAGGATTGATCC^^ 

TTCTTGACCCAGTCacdSAACATTTATrCACTACCTACCCCGTAACAGGCAC^^ 

CAAAGAACIGAOtfSACCGAAGCCrrTGGAATATAAACACCAAAGCATCAGGCTCT^^ . 

GGCCXnrrtAACAClX3«5GACCCCCA<XCXXaVCCXX»AGaMSTTGGCACTGCTATCCACATTrTAC^^ 

GGCftCAGGAOGAlATAAGTGGC r T GC Tr A AGCraGTCTG CA TtynAAATGGCAGGGCTGGATT^ 

ATCXrnCTCCXATGGCTTACGAGTGCTAGdATTCXairoTGTGTG C TACXAT^ 

TXXnXACAAOUAGGAATTGTGATAGCAGCACACACACa^GAAGGAGCTGGGGAAATCCCAC^ 

ACaGGCX3AATaxn3iCACAGAAGGTGGGGAAGGGAAGCaGAGGa^CaGCATCXy3anx;GGACCACAAGTCT Arr T« 3< ^ 

GCAGGTGCTTCATGCACGTCAACACXAGTGCTAGCTTC!Aa3Ai3GArOT 

GATACGCAGCauSTTCAACXrrCAGTGCrTACTTTCAAAGGGCCACAGATTTCATTa^i^^ 

TAAGGAACGlACArrCCGGCACCGAtGGAtXXnAAGCCCnxrrGGGACCTGCTTCCTCCAAAG^^ 

‘ GGTTCXAGAAABATCCCAAAATATGCCACdVACTAGGGATtAAGTGTCCTAGATCntSAGCXGATGGGGGC^ 
AGTCT6TGCCATAGACATGACAATGGATAATAATATTTC»GAC7WGAGAGCAGGAGTTAGGTAGCrGTGCTCXrrTTC<^^ 
TAATTGAGTGTGCCCATTTTTTTATTaiTtn’ATGTGTATACATGTGTtyiX^CACACATGCCATAGGTTGATAj^^ 
GTCTTCAATCGTTCCCCACCX:CACCnTATTTTTTGAGGCAGGGTCTCrTCCCrGATCCTGGGGCTCATT^ 
GCTGCTGGCCAGTGAGCTCTGGAGTTCrecrTTTCTCTACCn:CCCrAGCCCTGGGACTGCAGGGGCATGTG<^^ 
GCTTTT A TGTCGCGTTGCakSATCTGAACnrnUyyrCCCTAGGCCTCAGaiCCGTAAAGACTCTGCX^ 
TTGAGCAAGTGAACCATTCCCCAGAATTCCCXX3kGTGGGGCITTCCTACCCTTTTATTGGCTAGGaVTTC^^ 
ACCrCX^CCAGAGGAATGAGTGGCOiaSACTGGCTCAGGGTCAGCAGCXrrAGAGATAGTGGGTrAAGTCTTC 
GCTCX:CTGCAGCCGCAGACAGAAAGTAGGACIXyU^TGAGAGCTGGCTAGTGGTCAGACAGGACAGAAGGCTGAGAGGGTG 
ACAGGGCACSATGTCAGCAGAGCAGACAGGTTCTCCCrCTGTGGGGGAGGGGTGGCCCACTGCAGGTGTAATTGGCCTTCT 
TTGTGCTCCATAGAGGCTTCCTGGGTACACAGCAGCrTCCCTGTCCTGGTGATTCCXAAAGAGAACTCCCTACXACTGGA 
CTTACAGAAGTTCTATTGACnXXnXSTAACGGTTCAACAGCTTTGGCTCrrTGGTCGACGGTCCATACTGCTGTATCAr^^ 
AAGAGCTCATTCACGAATGAACACACACACACACACACAeACACACACACACACAAGCTAATTTTGATATGCCTTAACTA 
GCrCAGTGACTGGGCATTTCTGAACATCCXrrGAAGTTAGCACACATTTCCCTCrGGTGTTCCTOGCTTAACACCTTCTAA 
ATCTATATTTT A TCTTTGCTCCC(hX5TTACCTTCroAGJJyGK:CXCTAGGGCCAGlTCGCr^ 

AAACGTCTCTAGiXAAAACTTCAGCTAAATTTAGACAATAAATCITACTGGTTGTGGAATtXnTAAGATTC^^ 



ACCTGCTpUUXSAAGGAACAAAATTCATCCTTAACTGATCTGTGCACCTTGCyiCAATCCATACGAATATCrTAAGAGTAC 

TAAGA rr T’ fG GTT & TGAGAGTXACATGTTACAGAATGTACAGCTTTGACAAGGTGCATCXrrTGGGATGCCGAAGTGACCT 

GCTGTTCCAGCCCCCTACCTTCTGAGGCTGTTTTGGAAGCAATGCTCTGGAAGCAACTTTAGGAGGTAGGATGCTGGAAC 

AGCGGGTCACTT(!AGCATCCCGATGAa3AATCXXCTCAAAGCTGTACATTCr6TAACAGACTGGGAAAG(ntK:AGACTTT 

actctcgatagatggagaacacggccttgctagttaaaggagtgaggcttcacccttctcacatggcagtggttggtcat 



TATCTTACCACTAGGCATAGTGGCarrCGTTCTGGAGCCTOCCTIt3«KXrrGGTTCTCGGGGACCyiTtn'CCCrG(^^ 

CCXCAGCATATGGTGTTCACAGTGTTCAC1X3CGGGTGGTTGCTGAACAAAGCX5GGGATTGCATCCCAGAGCTCCX3GTGCC 

TTGTGGGTACACTGCTAAGATAAAATGGATACTGGCCTCTCTCTGACCACTTGCAGAGCTCnXSGTGCGTTGTGGGTACAC 

TGCTAAGATAAAATGGATACTGGCCntrrCrCTATCCACrrrGCAGGACTCTAGGGAACAGGAATCCATTACTGAGAAAACC 

AGGGGCTAGGAGCAGGGAGGTAGCTGGGCAGCrGAAGTGCrrGGCGACTAACCAATGAATACCAGAGTTTGGATCTCTAG 
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^^MKACICTTAAAATCTGGGTGGGCAGAGW^CTGdGT&VA^ 

GCAAACTGGClMCCAGAAT7«K3UUUU3lCTGAGCTCrcGGCTCTGTCAGAGAT^^ 

TAAAACft TTGAfl GAAGACftGTitfSaTGCaAtTTOflGCCCGCACATGC^^ 

GCACTCMGTGAACCAGGCMGGAOlCntXSGGCTXATCAC^ 

^^J™S^g™Agtf3GftAAGT(mjJlGTGflGdU3UXC?lTGakCAOU3J^^^ 

'^^ '^^'^^~ ^^™^Q^^^^GGftQCCATaVTGTGTTTCTAftSGAGGGCXntnXSAAGGAGGOGrrGl ^ ^ 

Q^^^^^^^^^^^^gCATGC TCCCT CTGGGAAACaGGnGGCT3GCX3lCCClXK3tf;AGGGTCCm 

GftGGftTCTGGGCAAGTAGAGGTGOGTTTG3Uy?TaGftAAGAGGGGTGCftGAGGAGATGCTCrri7LRTTCT^ 

TC!l^iXJtfUlTAATGCCTGTiaAGG3yGkjTGTAGflTwjxi3GCCATTCRCTCAiCTQU3CftGAGGGAt^ 

TGCTGGyATGGCCGAGCATCAACCCTGGCrCrroGaAGAACTCaVTCTTTaiGAAGGAGAG^ 

^^QQQQ^^^ftQ^QQTGCTTGGGGCXXCTGG(Xy3MltrTgW5CACTGGGTGATGTTTJmX3^^ 

TGGCCTG GGGCI l'Tv»iiTCIXji^-i\7rGTTTTGrjro:;mTnXjAGACMaCTCTTtXT A ^^ . 

A&TC TCftCTG C3a7UXXX3USGCTXK:GG3VGAGftSG0GAGGGCAATJtfSGCCT^ 

^^^^-*^^CC^^®^^*^^'GATGACAGGTCaGaUXZIGMrrTOOK3AA6ATrTTTTTTCCAGClGCC3tf3GTt^^ 

AGCTAGOGGCAAG6GTAGAGGGOGAGCT CX!ClX!nt9CnKtoAAAfrGCAAGC3^AGAGATGGCAA6CCAGT6AGTr2A6CAT 

TCT^TGTGGGGAGdAGGTGGATGAAGJWG3WGAGGCrpGGGTTTOGXCTClX3GGGGGGGGGTC5AGGGGTG6GC^^ 

GftGCSftGGGCAG<^CCT3CAGTgTGgmaGATTriTCVitaOU3TGACCTTTCGiXTCTO 

TCCTTTCTTCCCACCflffTGCnTTCCrTGTCCrTO^ 

MCXXnGT6TXnxnT3TGTGT6TGTtnt5TGTCTGTGTGTCTGTGTGTGTGTTT6TGtGTATGTGtGTC 

GiaaX5Ttatm3«n:GGGWVTGGCTCATAGTCIOTyt5GAAGGXt3^^ 

TGTGlN^n^TiAATATTO^"XAlTGGAAATACMTCXT'iTAAAAAA!nu::TTATC^ • 

GT gTQ TG CCTOC ATGAijl“l'ijaX3TOIXK:CA0GyS!fel\HJijGGAACCC1TOGftG(XXA^ 

AACTGGA GTTG GAGGAGGTTXSlGAGTCCXXn^ftC ft TGTTTGCTOGGAAC^^ 

GaVGTTATClXX:'i'taVGCCATCyGTGaU3TCXTO3tfUVrCCATTC~i\rA-rAAAATACAa3TCg3rAflZ V^ 

OGnrATGGA3^^aAATGTGGOAjTCA!i'TAAGTT<XiGi»CaCAGGCAAGCACCTt3T^ 

TO(XrTGGAGAACAGTGitjCATCtSC3lCACTCrXATGTC;tfn^GAAGTCACACAGCX^ 

TGGGTTCTGACTCTGCTATCIlCACACTACTCTACroCATTCTCTCG^ 

GTGTATGCACATGTGCCAamnOTAC»£aTACnAltX3W»GCMAAGAGGCCM 

GGCAGCGTGTGASCTGCCTGGTGTGGGTGCTGGGAAOCAAACrrGAATCrAAAGCAAGCAiCTTTTAACTGCrGAGC^^ 

TtrrCAG TACOCliVix CArrTCTCCGCCTGGGTTCQTTCrATGGACAC^ 

TCXTCCTCXrreAfiTGCTAGGATGAaGGdGAGTGGTAACTTACATGGTTTv3VTGTTTXGrr 

TanrACAGA6AAGGTCTGGGTCAC4AAGTCrrGC3M»TTCACTCAATGG<3lcCAAGCCGTGA^ 

CTGGACSAGATCGCACTGACTGCiuiit^CAGAGGrrGaxSAGTTCAATTCCCAGCAACpU^TGGT 



ACACACACACACACAATTACCACCCCAGAAAGCCCACTOCATGTTCCCTCCCACGTCTCTGCCTACAGl^ 

ACCACTGTTCftGGCTTCTAACAACCTGGTTTACTTGGGCCTCTTTTCTGCTCiXnGGAGCCACACAT^^ 

ACAOnTCTTTCTAGTAAGTTGCATATrACTCTGCGTTTTTACATGTATTXAT^ATTGTAGTTGTGTGTXKXn^ 

CXATGCATCGCACAGTGTGTGGGGATGTCAGAGTATTGTGAACAGGGGACAGTTCTTTTCTTCAATCATGTGGGTTCCAG 

AGCnXSGGGGCTTGTTCCATAGCXrCAAACTOSCTTTCCACTTGCAGTTCAAAGTGACTCX:^^ 

TT(K5AATTACGA3GTGTACTACC31CACCTGAGTX3GATCATTAATTCTTTGATGGGGGCGGGGAAGCGCACATG^ 

TGAAGGGATGACTGGA(n*GGACMGAGCGTGGAAGCCA6AGAACAGCTTCAGTCrAATGCTCTCCCAACTGAGGTATTTC 

GGTXTGCCAGAGAACAACTTACAGAAAGTTCTCAGTGCCATGTGGATTCX3GGGTTGGAGTTCAACTCATCAGCTTGACAT 

TGGCTCCTCTACCCACTGAGCCITCTCACrrACTCTCTACCTAGATCATTAAITCTTTriTAAAAAGACTTATTAGGGGGC 

TGGAGAGATGGCrCAGCCGTTAAGAGCACOSAATCCCCTTCCAGTlGGTCCTGAGTTCAATTCXrCAGCATGCCATTGCTGG 

GCAGTAGGGGGCX5CAGGTGTTCAAtX3TGAGTAGCTGTTGCCAGTTTTCCGCX5GTGGAGAACCTCTTGACACCCTGCTGTC 

CCTGGTCATTCTGGGTGGGTGCATGGTGATATGCTTGTTGTATCXaAAGACITTGACTXnTACAGTGAAGTTGGGCTTCCA 

CAGTTACCA(OTCTCCCCTCTTTCTTCC3VGGCCX3GGTGCTT6TCCATTGCOGCGAGGGCTACAGCCX»ctcCCCAAC^^ 

GT^iATCXKXTOCCTCATGATGCGGCAGAAGATGGACGTCAAGTCTGCTCltJAGTACTGTO 

CXXCAACXaATGGCTTCCTGGCCCAACTCTGCCAGCTCAATGACAGACTAGCCyUWSGAGGGCAAGGTGAAACTCrAGGGTC 

CCCACAGCCTCTTTTGCAGAGGTCTGACTGGGA6G(XXXiTGGCWXX:ATGTTT7«3GAAACACAGTAT^ 

ACOUX:AGACAG6TGCCCACATGT6TCCCACTtrrGGTCCTCGGGGGCCACT(X:ACXXTTAGGGA)^^ 



TCTGTGGCATAGATACATCnX:AGTGACCXAGGGTGGGAGGGCTATCAGGGTGCATGGCCC?GGGACACX3GGCACTCTTCAT 

GACCCXrrCCCCCACCTGGGTTCTTCCTGTGTGGTCXAGAACCACGAGCCTGGTAAAGGAACTATGCAAACACAGGCCCTG 

ACCrCXXCATGTCTGTTCCTGGTCCTCACAGCCCGACACGCX:crGCrit3AGGCAGAOGAATGACATTAA G TT(nGjUl^^ 

AGTGGAGATAGATTAGTGACTAGATTTCCAAAAAGAAGGAAAAAAAAGGCTGCATTTTAAAATTATXTCCTTAGAATTAA 

AGATACTACATAGGGGCCCTTGGGTAAGCAAATCCATTTTTCCCAGAGGCTATCrrcATTCTTTGGAATGTTTAAAGTGrr 

GCCTTGCCAGAGAGCTTACGATCTATATCTGCTGClTCAGAGCCTTCCCTGAGGATGGCrrCKyrTCCTTTGCTTGTTAGA 

AGAGCGATGCCTTGGGCAGGGTTTCCCCCTTTTCAG^TACAGGGTGTAAAGTCCAGCCTATTACAAACAAACAAACAAA 

CAAACAAACAAAGGACCTCCATTTGGAGAATTGCAAGGATTTTATCCTGAATTATAGTGTTGGTGAGTTCAAGTCATCAC 

GCCAAGTGCTTGCCATCCTGGTTGCTATTCrrAAGAATAATTAGGAGGAGGAACCTAGCCAATTGCAGCTCATGTCCGTGG 

GTGTGTGCACGGGTGCATATGTTGGAAGGGGTGCCTGTCCCXrTTGGGGACAGAAGGAAAATGAAAGGCCCCTCTGCTCAC 

CCTGGCXATTTACXXXSAGGCTCrcCTGGTTCCACGGTGTCTGTGCAGGATCCrcAAACTGACTCGCTGGACAGAAACGAG 
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ACTI\ji3WjCltfXATXB«33^ATGGAGaGAGJtf3MJtf3C3tfUU3aAAGJUACAGCX^^ 

TGAACXJCGCTGGACCTXtiTATCnxnxSCAa a TTGCC A GAGATTGAAQlTAATCCTCTT G GGaiCT^ 

TT^^AT<atrKX3GGG(nX3U:XX3tf33lSCam:AGCCACC3tfXXXaG^ 

TATGAgtfUXaVGgtfXn^jTl'XXawglACCCOGTOTATMAGaUSAGIT G lTClXXglXj^^ 

5 T<k:CTGCCTGTft6GAT6TCTTAC3lGGAGTTTtX3«3AGAAACCTTCCTTGGAGGGWWiGAAAT^ 

ATATTTCAAATTCftGCTTTAftGTGTAjUSACTCAGCftGTGTTCATGGTTAAGGTAftGGJU^TC CCT ^^ 

6CAAGAGGCW3GAGAAGCAGACXTGTCTTAGGAltnxaCTCCCAGGGTAAAGACClXrrcATCACACCaG^^ 

TT TTTTTTI TlTrTTlTriX;GCa3tf5AATGAAGTGACCATAGCX3^AGTTCnxr^^ 

10 CTCTTGCTCAATACAATGTGCATTTCAAAATAACACTGTACaUTrTGACAGAACTGGTtCATGTGTTAT^^ 

GAGAGGAAAGAACAAAACAAAACAAAAOVCCACA/ACCAAAAAOlTCTGGGCnrAGCa^GGaiTGATTGaUVTGTCrACAG 

GCCXaGTTCATGAGAGGCAGAGACAGGAASACCGCOGAMtf^GTCAAGGATAGCATGGTCTACGT A TC G ASACTCC^^ 
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GCCACCACTGCCXaACTAASAlTCCATTAAAAA/UUUVAAAACnTCAAGATAATTAACSAGTl^^ 



CATGAci:xi\aAGCCAIXnXX:jU3AGAASGAAgTGAAAATTenGGCrCCCCAGTC GA TT G G GA CACAGTCTCT C ^^ 

GGTAACACATGGTGACAC3lTAGCArTGAACTCrCX3UrrCTG3M3GGTC ^ 

yxrceATftGGACASCCAOUXjACABTCACTAGGACCTVCTGGAMUrCTCITTGTGGGJUV^^ 



TTCTTCAGGrrAAAATACXX3ATOrTCIX3GAAAAGCCAACCXXX5TGGCTGCaOTGaSTA6GGGCT 

GATAGTOlTCnATCCATGGgAAGTGGTGGAArAGGAATTAAGGGTGTTCCCXXrCCCCCpkACC^^ 

CXACTTTCTATGaCT^TOACATCCAGGTAAAAATTACAAACATAAiyiAT^^ 

CCTGCCTTTXqCASGGGTAGGTCTGTTtCrrTlXXrrGTTCTATTGt 



ACCCGCGACCCCCAAtm^GGTGTGGATAATGCCATGGCCAGCAGGGGGCJVCrarrGAGGCXS^^ 

TTGCTTATAGTATTOiJWGATGCTAAATXnTTTAATCMGAG2UVGCACTGATCrrTAT^ 

TGTATTCXZATTTTCXrrCTGCCAGCGTTAGGTTftACTCCXSTAAAAAGTGATTCAGTGaJlCa^^ 

GGATGGTCGGGTGAGGCAGAGC^lCTGTCAGCTCCCAGSCATGGGAGGTCCTGCGAax^^ . 

CTCTAGTCTACCACCACnCTTAACGCACrCrAAASTTGTAACCAAAATAA A TGTeTT A CATTACAAAGAarrC^^ 

TOTTTCCTTIlv>I\»X^i-i-xxjGGCrTTTTATGTCTGCTTTATAACT G CTGTGGrTGGT GC TGTT G TT AG T^^ 

TCrCAGGCTGGCCrrCAACTTCrGATCGarrGCCCCTGCCrCTGCC(XTGCCCCTGTC^^ 

.AAAAGCACATGCCACCACACCAGTACAGCATTTTTCTAACATTTAAAAATAAXCACCTASGGGCIX^GA^ 

GCTAAGAGTGCACACTGCTCTTGGGTAGGACXrrGAGTTtABTTCXra^3AACCTATACTG^TX3GCT 

TCCAGGAOnrCTGGCCTCCiATGOTCATCTGCTCTTACKACATACCCACATACAGATACMA^ 

CTTTAAAAACCTCCTAAAACXriAGCCXrrTGGAGGTACGACrrcrGGAAAGCrGGCATA^^ 

AGGGGGAGCACGGGGAACTTGGGCAGTCAAAATTCTTTGCAGGACACnAGAaSAGGATAAArACCAGTCAT^ 

TACTGGACAACTCCAGGGAATTATGCTGGGTGAAAAGAGAAGGCCCCAGGTATTGGCTGCATTGGCTGCATTTGCGTAAC 

ATTTTTTTAAAtTGAAAAGAAAAAGATGTAAATCAACXnTAGATGAGTGGTTGCTGTGAtKrrGAGAGCTGGGGTGAGTGA 

GACATGTGGAGAACTCCATCAAAAAGCGACAGAAAGAACGGGCTGTGGTGACAGCTACCTCTAATCTCCACCTCCXSGG^ 

GTGATCAAGGTTAGCCCrCAGCrrAGCCTGTGGTGCATGAGACCXTCn^CAAKAACTTTAATAAAGAAATAATGA^^ 

GACATCAGGGCAGATGCTTGGGGCCAAAG(3p3GACAGGCGAGTCTCGTGGTAAGGTCGTGTAGAAGCGGATGCATGAGCA 

CGTGCOXAGCkATCATCAGAGAGGCCTi«Xn*AAGTAAGGATCGATGTGA<n'GTtmX3GCGTCGGCGCAC^ 

GGCTGTGGTGCTGGACTGGCATCrrrGGTGAGCTGTGGAGGGGAAATGGGTAGGGAGATCATAAAATCCCTCCGAATTAT 

TTCAAGAACTGTCTATTACTUVTTATCTCAAAATATTAAAAAAAAAGAAGAATTAAAAAACAAAAAACCTATCCAGGTGTG 

GTGGTGTGCACCTATAGCaiCGGGCACTTGGAAAGCTGGAGCAAGAGGATGGCGAGTTTGAAGGTATCTGGGGCTGTACA 

GCAAGACCGTCGTCCCCAAACCAAACCAAACAGCAAACCCATTATGTCACACAAGAGTGTTTATAGTGAGCGGCCTCGCT 

GAGAGCATGGGGTGGGGGTGGGGGTGGGGGACAGAAATATCTAAACTGCAGTCAATAGGGATCCACTGAGACCCTGGGGC 

TTGACTGCAGCTTAACCnritKX3AAATGATAAGGGTTTT6TGTTGAGTAAAAGCATa;ATTAGTGACTTAACCTCA^ 

AGM^AAApUUUAAAGAAAAGAACAAAAGCCAAACCAAGGGGCIXXriGAGATGGCl^^ 

TCrtCaaU«;GT<XAGAGTlXAAATCCCAGCAACCACATGGTGG<rrCACAAaATC^ 

CTGGTGTGTCTGAAGACAGCTACAGTGTACTTACATATAATAAATAAATCTTAAAAAAAAAAAAAAAAAAAAAAGCCAAA 

CCXaAGCAAACCAGGTCCCCAAACAGAAGGCAGGCACXaiCGGCAGGCACCACXSAGCCATar^^ 

CAltXXXXXa^SGAGGGTCCAGAGAGATAGGCTGGTAAG(ntAGTTTCTCTGTATAC a: " nT ' ri^yitjri X3ACACTAC^^ 

AATTACAGATAAAATAA(3UUVTAAACAAAATCTAGAGCCTGGCXACTtntrrGCTCGCTTGATTTTTCCTGTrACGTCCAG 

CAGGTGGCGGAAGTGTTCCAAGGACAGATCGCATCATTAAGGTGGCCAGCATAATCTCCCATCAGCAGGTGGTGCTGTGA 

GAACXATTATGGTGCTCACAGAATCCCGGGCCaW^GAGCTGCCCTCTCCCAAGTCTGGAGCAATAGGAAAGCTTTCTGGC 

CCAGACAGGGTTAACAGTCXAGATTOAGAGCAGGGGAAAAGGAGACrGGAGGTCACAGACAAAAGGGCCAGCTTCTAAC 

AACTTCACAGCTCTGGTAGGAGAGATAGATCACXCCCAACAATGGCCACAGCTG G TTTTGTCTGCCCCGAAGGAAACTGA 



GTGTGGGTGACAGAAGATGAAAAGGAGGACCCAGGCAGATCGCCACAGATGGACCGGCCACrTACAAGTCGAGGCAGGTG 
GCAGAGCCTTGCAGAAGCrCTGCAGGTGGACGACACnXSATTCATTACCCAGTTAGCATACCACAGCGGGCTAGGCXKSACC 
65 ACAGCCrrCCTTCCCAGTCTTCCTCGAGGGCIGGGGAGTCCTCCAACCTTCTGTCTCAGTGCAGCrTCCGCCAGCCCCTCC 
TCCrTTTG<:ACCTCAGGTGTGAACCCTCCCTCCTCTCCTTCTCCCTGTGG(MX;GCCCTCCTGCrACTGCAGGCTGAGCA 
TTGGATTTCTTTOlXArrrAGATAGACCTGAGATGGCrrTCnt S ATTTATATATATATATCCATCCCTTGGATCTTACATCT 
AGGACCCAGAGCTGTTTGTGATACCATAAGAGGCTGGGGAGAT^TATGGTAAGAGTGCTTGCTCTACAAGCATGAAGAC 
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AroAGTTCGAATCCCCaGCAACCMXntXSAAAAATAACCTT CTA ftCCTCAGftGTOAG^^ 

GGGCTTACTGGCCAGClftGCCAGCCTAftarrJ^TGTCTCAGTauSAGATCC^^ 
CIGAGAAAGACACCTOntSWGCnxnXXXSlTGCACQCACACAGACACAGGGGGOGGGGGTA^^ 
jmsaaxSA^TG A T irmXA:rA AGAAATGAJUlTTCTgTGTTGGCCGCAi«SAAG<XrroGCC3tf3GG^ 

S GOtf3WCCAGCCTAT?Utf?raVCCATG3USlTCCGTGGCTAAG3ATCftCAlXa3A^ 

TTGCCT C TCCCACTGCaTTTGAjWSAGJUATTOUUaaGAGJlTCTCCTTGGTCBGAA^ 







10 



GTGAGACCCTASGTTAGAGTCCCCAGAATCrGCCraaUVCXrCXXXaAAAAGGCATCCTTCTGCCr^^ 

GAGCAAACACCrTTAAClSU^CCATIAGClXSGCAGGGGTiACAAATGACCTTGGCTAGAa^ 



GGAGCCAGACAATTAAAAGCCAAGCTOITTTTGATATCTGAAAACCACAGCCTGACTGCCCTGCCXIGTGGGAGGTACTGG 



CAATTTGGAAGTTTACTCASCTTGAGAAGTCTraXSfiGGGCTGACGCTAAGCACaCCCXrriCTC^^ 

ACX:c a X3TG M GAGGaGGGTGAGGftAACATSGGACX3tfkXXriXXrrCCAGCCC^ ^ 

15 GGGCT T I J tfUtfUySGCRACCCTATCTAGGCT(X3AatfnCGagCCTGTGCTACa^ 

AGCCCTCACTj^CCanie<XTCATCTGCXTA C TT G T G CftOGClXXXrrtCTG^ 

TTCA6GJUlTGAT6<X3U3U3AGGTCATCCCAG6GCITq6AGA6TACCX;CGA^^ 

CCGGGOGGAGAATGGAGGCAGACCrCCCXSlCXATaXTAT^OGCXAAAGGlAOG^^ 

20 GGCKAGGGACACATiTGCCTGGAAGAATftCTAGCACAGCAlTAGAACCTGGnQGGC^^ 

AOX3»GGCAGG6TG6AG6ClX3tf3GTCAfiCCGAAGCrGGCATTAACACGGGCATGG6CT^ 

TCCTCCTAAGGAlXSUSGACACAGGTGAGATCTAGCTGCTGACCaGTGGGG;^^ 

CCATCXZATGGCTGTACTATATCCCACATGACCACCACATGAGGTAAAGAAGGCrC^^ 

GGClXX:tGAGATAAAGTCACClXX3GA6TAA6AAGA6CTGAGAClxk3AIUXrrG6ITTGATCCA^ 

25 

CAGGTGGCACCAiCrrrGCCCTGAGCTTGCACCCTtSACXXXAGCTTT G CC^ 

30 CACATGCTGTCCCTCCTGTCrCCTAGCXAGTAAGGGATGTGGASGAAAGGGCCACCCCAAA^^ 
C G TrrTTGCAGAGGAftGTGCTTGACCTAAGGGCACTA!rTCTTGGAAftGCCCCA.WtfrEftgTC 

CCTCCCCXACATACCACCrrCTGC:AGGGGTGAGTAAATTAAGCCAGCCACAGAAG{3GTGGCAAGGCCTAC;^/XTCCC^ 

TTATCrrCATATTGATOCTGACACCATCGAAOTrriXKIAGGTAGAaffiGACXXS^ 

35 CXATCnAAGCTCATGGfTAGGAGATAGAGCATGTCCAAGAC^GGAGGGCAGGCATCAGACCTAG^ 

CXAACCXAATCTCXrrrcCCCGGAGAACAGACTCTAAGTCAGATGCAGaSlCXXrrTQAGTaACCAGCrC^ 

ACAAGAGAGTCTGGTATACAGCAGGIGCTAAACAAATGGTTGTGGTAGCAAAAGCrrATAQGTTTTGGGTCAGAACTCX^ 

CCCAAGTOGCX»CTGAAGAGCGAAAGGCCCKn:ACTCGCCACa;CCCXXXXXXXa.CCTGGG(mXrrA 

40 TTTCGGGCAA G TTCrrTTCTCAGCCrrGGA(XTCTGATAAtGAGGGGGTTO3ACGCX3CayXrrr^ 

AATGAArrCTTATCXCTACXIACCTGCCCTTCTACCCaSCTCCTCCACAGCAGCTtntXrrGAJTTATTACCTTCAATTAAC 

CTCCACnrCCTTTCTCCATCTCCTGGGATACCGCCCCTGTCCCAGTGGCTGGTAAAGGAGCTTAGGAAGGACCAGAGCCAG 



GGGTGGGATCCCTAGTACCX3GAGAAGTGGAGATGGGCGCnX»GAAGTTCAAGACCATCCATCCTTAACTACAGAGCCAGT 
45 TTGAGGCCAGCCTO^GCTAGATAAAAACrCAATCTCAAAAGCTGCCAArrCTGATTCTGTGCCACGTAGTGCCCX^ 

ATAGTGGATGAAin'CGTTGAATCCTGGGGCAACCTATTTTACAGATGTGGGGAAAAGCAACTrrAAGTACCCTGCCCAGA 
GATCACAAAGAAAGTAAGTGACAGAGCTCCAGTGTTTCATCCCTGGdTTCCAAGGACAGGGAGAGAGAAGCCAGGGTGGG 
ATCTCACTGCTCCCCGGTGCCTCCTTCCTATAATCCATACAGATTCGAAAGCXSCAGGGCAGGTrrGGAAAAAGAGAGAAG 
GGTGGAAGGAGCAGACXAGTCTGGCCTAGGCTGCAGCCCCTCACGCATCCCTCTCTCCGCAGATGTGTCCGAGTACAGCT 
50 GCXXXX3AGCTGCACTACACCCGCTTCCTGACAGACGGCCCATGCCGCAGCX3CCAAGCCGGTCACCX3AGTTGGTGTGCTCC 
GGCXAGTGCGGCCCCGCGaSGCTGCTGCCCAACGCCATCGGGCGOnGAAGTGGTGGCGCCCXSAACGGACXXXSATTTCCXS 
CltXaTCCCGGATCXKrrACCGCGCGCAGCGGGTGCAGCTGCnCTGCGp:XX»GGCGCGGCGC^ 
GTCr03TC ( SCCrC(TrGCAAGrTGCM>j3CCCClXJ\!CX:CGCTTCCA(^ 

GCGCGG(XGP^GAAGGGTCG€!AAGCCGCGGCCCX;GCGCCCGGGGAGCCAAAGCCAACCAGGCGGAGCTGGAGAACGCCTA 
55 CTAGAGaaW30XXX:GCCTATGCAGCCCCaXX5CGATCCGAlTOGTTTTCAGTGTAAAGCCnK:^^ 
GCCAAACTTTCCAGACCGTGTGGAGTTraaVGCCXAGTAGAGACXXKyWSGTCCrTCTGCCaSCTGC^ 

GGGTGGGGTTCCCGCGGGCCAGGAGAGGAAGCTTGAGTCCCAGACTCTGCCTAGCCCCGGGTGGGATGGGGGTCTTTCTA 

CXXrTCGCCGGACCTATACAGGACAAGGCAGTGTTTCCACCTTAAAGGGAAGGGAGTGTGGAACGAAAGACCTGGGACTGG 

TTATGGACGTACAGTAAGATCTACTCCTTCCACCCAAATGTAAAGCXrrGCGTGGGCrAGATAGGGTTTCTGACCCTGACC 

GAGATTCCAAGGATTGGGGTACCCCGTGTAGACTGGTGAGAGAGAGGAGAACAGGGGAQSGCnTAGGGGAGAGATTGTGG 
TGGGCAACOX:CTAGAAGAAGCTGTTTGTTGGCTCCXAGCCrCGCCGCCTCAGAGGlTTGGCrTCCCCCACrCCTTCCtC 
TOVAATCTGCCTTCAAATCCATATCTGGGATAGGGAAGGCCAGGGTCCGAGAGATGGTGGAAGGGCCAGAAATCACACTC 
CIt5GCCCCCXX3AAGAGCAGTGTCa:GCCCCCAACTGCCTTGTCATATTGTAAAGGGATrTTCTACACAACAGTTTAAGGT 
65 CXnTGGAGGAAACTGGGCTTGCCAGTCACCTCCCATCCITGTCCCrTGCCAGGACACCACCTCCTGCCTGCCACCCACXSG 
ACACATTTCTGTCTAGAAACAGAGCGTCGTCGTGCTGTCCTCTGAGACAGCATATCTTACATTAATU^AGAATAATACGGG 
GGGGGGGGGCGGAGGGCGCAAGTGTTATACATATGCTGAGAAGCTGTCAGGCGCCACAGCACCACCCACAATCTTTTTGT 
AAATCATTTGCAGACACCTCTTACTTTCreTGTAGATTTT^TTGTTAAAAGGGGAGGAGAGAGAGCGTTTGTAACAGAA 




ACCX:TO«XXX»GCCTCCCTTTWKn^J«XACTCTCCACACTGTCTTCCAAAAGTGCAC^^ 




10 j« 3 GTTCATGGAACTCTTGCXrnXSXCTGAACCTTCCAGGACTGTCCOtfKOTCTGATG^ 

CACCCCACTATTTGATTCCCAATTCTAt3ftTCTTCCX:TTGTTa^TTCCTTCACGGGAT3Un^ 

GCTTGM7OTXXX5AlMATGCAAA6<X3Ui6TAC3UlTTGAGGAa:3U3TTCATCATTGGG^^ 

TTTTAOWXTATAGMGTGTAAAAGCCTTCXaUUVGCaVGAGGCAATGCCTGGCTCTTCChTC^^ 

TATGGGTCTGGT«XOTAGTACATlX3«AAACCCAACACrrAGGGGTGTGAAAGCAAGATGATTGGGAGTTCGAGGCX^ 
15 CTTGGCriATGAGGCCCTOTCTCAACCTCixXTCCCTCCXrrCCAf^ 

CAACACrmAAATCCaGTCAAGTGCa i tr i TT G CGT G ASGGGAACTCTAlXXXTAATXTAAGCTTCCA^ 

^ ATtnXXaQtfrTOGGGGTTGAACCTGGGCCTTT G TACCTGCOGGGCAAGCTCm 

G(nVAX:CCroTGGtTCC A GAlTCCAGGAASmCTTTTCAGGGAATCX3tfy3CATCCTGAAGAAXiaCT 
20 aiTQGAGACCTTGGCCAGCCCpiCAAGGCAGfT(nteTGCAGAGGGTGAGGATGGAGGCAGGCrTGCA2^^ 
CAGGGTACTCAGGATTAAAAAGCTtCCCOC! A AAACAATTCX:AAGATCAGTTCX^T<aGTACXTGCA^^ 
CaiXXXMTGGGCATAGGTGiu^GACACXrGGTTGTACTGrKMGTACTAACTGTGCITCA^ 

GTTATGGTGACCCCAGGGGACAGTGATTCCAGAAGGJACACAGAAGAGAGTGCTGCnAGAGGGTGCCTGAAGGAGAAGGG 

GTCCXAGACTCTCTAAGaAAAGACTCCACTCACATAAAGACACAGGCTGAGa^GAGCTGGCCXnGGAT^^ 

25 TCaicdATCCrrTTAGGATGrcCTTGTATTCCCimaACATGCaUSGGATGAGGGGCATCAGAtS^^ 

ACCCAAACACACCTAGQACTTGCTTTCTGGGACACSACAGATGCAGGAGAGACTAGGTTGCkxrEGTGArCOT^ 

AAGAGGGAAAAAACAAAAAACAAACAAAC3AAACAAAAAAAAACAAAACAAiUlCAAAAAAAAACCCAAGGTCCAAATTGTA 



GGTCAGGrrTAGAGTTTATTTATGGAAAGTTATATTCTACtrrCXATGGGGTCTACAAGGCrGGOGC^ 
AACAACAGGCTGATCTGGGAGGGGTGCTACTCTATGGC^GGGAGCACXnxyrGCTTGGGCrrACAGCCAGACACGGGGCTTG 
30 TATXWATCACAGGGCTTCTATTAATAGGCTGAGAGTCAAGCAGACAGAGAGAXLIJ^^ 
CACACACACa^CACACACACACATGCAa^CmCnxyiCTTCrCACTCGAAGAGCC^ 
ATTXXTCXTCATAAAGGAGACAAAGiTOCAGAAACCCTUUUiGAGCCACAGGGTCCCCACTCrCTT^^ 
-TTtnTOCAGGGAAGACAGAGGGGTCrGCAGAGGCTTCCTGasrrGACCCAGAGCCACMACAC^ 
CCTGTATiUACCCT(nTCCACaGGTTCCrTGAAAGGAGCCCACATTCCCCAACCCnX5TC^^ 

35 GCACTTGGGCCTTCXXXaiTTCTTGGAGTGCACCCTGGTTTCCXrC^TCTXSAGGGCACATGAGGTCTC^^ 
TTCCACAAGTATTGAAA GTO TTC n <3r riTC TTT G I^TTTAATTTAGGTGTATGAGTGCiTTT^ ^ 
GTGTAGa\TTTACAAGCCTGCTXKXrit5W3GAGATCaGWiGATGGCATCAGATAeGCTGGAACIW3^^ 



40 aJTAACGTGAGACTAfiGGCAGGGTGATCCGCpUTTGACACCGAlXKKXCTGTGTAGTTATTAGCAGCT 

CTTAATAAGTGCCAGTTTGGGGCAGGWaATATGTATTCCCTGCTTTGAAGTGGCrcAGGTCCAGTTATCTACrTCCAAGT 




CACTTGCGTTGAATCCCAGCATTAAGAAGGCAGAGACAGTCGGATGTCTOTGACnTCACAGCX^ftGCCTGGTCTAC^^ 

4 5 gagttccaagacagccaggcctacacagagaaaccctgtctcgaaaaaaacaaaaacaaaagaaataaagaaaaagaaaa 

CAAAAACGAACAAACAGAAAAACAAGCCAGAGTGTTTGTCCCarrATTTTATTAATCATATTTTTGTCCXrmXKrC^ 
TAGACTAAAAGACTCGGGAAAGCAGGTCTCTCTCTGTTTCTCATCCGGACACACCCAGAACCAGATG-rATGGAAGATGGC 
TAATGTtXrrGCAGTTGCACATCTGGGGCTGGGTG(^TTGGTTAGATGGCATGGGCTGGGTCTGGTTACGATGAC^^ 
AGCAAGGAGTATGTGGTGCATAGCAAACGAGGAAGTTTGCACAGAACAACACTGTGTGTACTGATGTGCAGGTATGGGCA 
50 CATGCAAGCAGAAGCCAAGGGACAGCCTTAGGGTAGTGTTTCCACAGACCCCTCCCCCCTTTTAACATGGGCATCTCTCA 
TTGGCCTGGAGCTTGCCAACTGGGCTGGGCTGGCTAGCrTGTAGGTCCCAGGGATCn^CATATCTCTGCCrrCC CTAG TGC 
TGGGATTACAGTCATATATGAGCACACCTtKKrnTTTTATGTGGGTTCTGGGCTTTGAACt^^ 
GGCAATaXrrTCAATGACrGCTTCATCrCCCX3«5ACCCTGGGAT^ 

AGOXXrreCCCXTGCACTCAGCAGTTCTTAGGCCTOCTGAGAGTCAAGTGGGGAGTGAGAGCAAGCCTC^ 

55 aGCGAAGCAGAGGACAAAGAAATGAAAACTTGGGATTCGAGGCTCGGGATATGGAGATACAGAAAGGGTCAGGGAAG^ 
ATGAACCAGATGAATAGAGGCAGGAAGGGTAGGGCCCTGCATAOm^GAACCTCGTGTACATG TT^^ 

GCATTGCAATGGCTXrrrCAGCAGGTTCACCACACTGGGAAACAGAAGCCAAAAAGAAGAGTAGGTGGTGTTGGAGTCAGA 
TACTXrrCAGTCATGCCTGAAGAAATGGAAGCAATTAACGATGCGCCGCAATTAGGATATTAGCrcCCTGAAGAAAGGGAA 
GAAGCTCGGCrreTGGGCACTGAAGGGAGCTTTGAATGATGTCACATTCTCTGTATG CCTAGCAGGGCAGT ATTGGAGACT 
60 GAGACTTGACTTGTGTGT<X3ATATGATTCCTCCTrTTCCrACAGTCATCTGGGGCTCCTGAGCTTCGTCCTTGT^^ 

ACCTGGAGCTGGCAGTGGGCAGCTGCAGTGATAGATGTCTGCAAGAAA^^TCTGAAAAGAGGGAGGAW3ATGAAGGACCC 

AGAGGACCACCGACCTCTGCTGCCIXaACAAAGCTGCAGGACCAGTCTCTCCTACAGATGGGAGASCAGAGGGGAGAGATGA 

ATGGTCAGGGGAGGAGTCAGAGAAAGGAGAGGGTGAGGCAGAGACCAAAGGAGGGAAACACTTGTGCTCTACAGCTACrrG 

A<ntSAGTAa:AGCTGCGTGGCAGACAGa:AATGCau\GGCTCGGCTGATCATGGCACCTCGTG GGACT OT 

65 CnXXSCAGAGGGGAGTGCTGAATGGTGCJlTGGTTTGGATATGATCreAATGTGGTCCAGCCCrAGTTTCCTTCCAGTTGCT 

GGGATAAAGCACCCTGACCAAAGCTA CmTT T G TTTGTTTGTTTTGGTTTGG'rrrTGTTTGoiArTTCXSAGGCAGGGTT 
TCTCTGTATCACCCTAGCrcTCCTGGAACTC:ACTCTGTAGACCAGGCrrGGCCTCX;AACTCAGAAATCCCCGTGCCTCTGC 
CrcCTAAGTGCTGGAATTAAAGGCCTGCGCCACCACTGCCGGCCCAAAGCTACTTTAAGAGAGAGAGAGGAATGTATAAG 
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mTTA3JUOTCCAGGTTAiaGTTOOTtXrrCTAGAATTGGAGTCTTCATATTOTVGC7rAATCltXC^^ 

AAACAACClXOTCTACGAAATCTCrCATGGACTCCCTTCCCCAGTAATTCTAAACTGTGTCAAATCTACA^ 

GTCAGCATTTGGAGC3«atfKXrmX5GGATITGAGATOrrCTTTTGa^^ 

5 TGGGAGftGAdXRTAC7UXrrTTT GC T G CCTTATCnX3UXrrGA(XrrGCnXXrrnyaSRAGC^ 

TGGGTTGIATCACTGTCAATGGGAAAauaiCTTGCCTGGATGGATAACTTGTACATTGCMAATGTCTAGAAAIGAAAAG 
TCXTATaGAGAAAAAGAAAATTAGCTGGCACACAGATAGAGGCCCTGGAGGAGCXrrGGClTTGTCXrrCCCCGAGGAGGTO 
GCX3AGTAAGGTGTAAATGTTCATGGATGTAAATGGGCCCATATATGAGGGTCTGGGGTAACAAGAAGGCCTGTGAATATA 
AAGCACTGAAGGTATGTCrAGTCTGGAGAAGGTCACTACAGAGAGTTCrcCAACTCAGTGCCCATACACACACACACACA 
CACACACACACACACACACACACACACACACCACAAAGAAAAAAAGGAAGAAAAATCTGAGAGCAAGTACAGTACTTAAA 
ATTCT(nG A TTCnX3TGTGT G ACTCTGATGTCACATGCriX:ATCrTGCCXrrATGAGTTGAAAAC^^ 




10 



15 



20 
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30 
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40 



45 



50 



55 



60 



65 



TgCAGCAGACTACATATGCTOySCCCTGAA G TCCTTCTAGGGTGCATU'rCTCTTatfaA^VATJlGAAAGTCAT^ 

TCCAGGaCOGCCTCXUVCTCTCCCTCT6COGCGAGGCTtX:AGACrcTAGGCTGGGGnXX3UVGaVACGCTTJ^^ 

AAGTAIAACATGTTOGCTTT lXlTI TCXXrrCTGTCkxrrCCAACCTGGACATAAAAIAGATGCAAC^^ 

TCCrCXXGTCCa^CTTA G TTC l ’ p VACAATAACTACTCTGAGAGCACTTATrAATAGGTGGCTTAGAC^lT^^ 



CXnG G TTCX CT TCTTCCTTCGAGTGGCCCTCAGlXyrcrCT A GGTGATGCTTGTAAGATATTCTTTCTACAAAGCrGA^ 

TGGTGGCMrrcTGGGAGTTCMAGCCAGCClGATCTACAiCAGCaVWGCTCCAGGAlOTCCaG^ 

TTCTO^AACAAAAAGAGGGGTTCAGTTGTCAGGAOGAGACCCATGGGTTAAGAAGTCTAGACGAGCCATGGTGATGavrA 

CXTTTTCavrCCMGCACTTAGGAGGCAAAGAAAGGTGAAAClXjTTTGACTTTCAGGCCAGCTAGGTTACAT^ 

TGCTTftGT G TCrrGT G T G T G T GTC TGTGX CTGTC T G lVIVXXjTGTGTAATTTAAAAGTCTAAAAATGCAllllYrrrAAAAA 

TATGTATAAGTATTTXKXrrGCACATATCnATGTATGTATGTATACCATGTGTGTtntnXXrrGC^ 

ACTCOTAGAACTAGAGTCATAGACSUnTGTGACSlCTCCCXaUVCCCCXCAOTVIGTGGGTCKrrTGAAGCTAAA . 

exniTGTAAAGCAGCAGGTGTCr A TGAACXCTGAACCATCTCrCCAGTCrCCAt^TGTGCATTCTCAAA 

CATATTTCCCTAAACTGAACATCXnTATaWGTGAGCATCCTCGAGTCACCAAAGCTACTGCAAACCXr^^ 

TCACTATTCACTTCTACrTGGCTCATGAAACrTAACTACACACACACAAACACACACACACACACAGAGTCATGCACr^ 

CAAAAGCATGCATGTACACCATTCTTATTAGACTAlXXrrriXXri3\AAAGACTTTCXTAGATACTTTAAAAC7lTCAC^ 

(XXrTTTTGGTGGGCAGGTTCaVAGATTGGTACnX3GCGTACTGGAAACTGAACAAGGTAGAGATCTAGAAATCACAGC|^ 

. ^TCAGAAGGGCX3VGCClCTACAAGA£yyG»UrrTCCaxCACCTTCCAGGAACACTGAGCAGGGGGCT^ 
CCCAAGAAACrAGTGCGTTTCCnxyrATGCATGCCTCTt^GAGATTCCATAAGATCTGCXn^CTGCCATAAaATCrCCTGC 
ATCXMACAAGCCTAGGGGAAGTTGAGAGGCTXSCCTGAGTCTCrrCCCACAGGCCCXrrnrrrGCCTGGCAGT^^ 
TCTGGAGGAGAGGAATCAGGGTGGGAATGATCAAATACAATTATCAAG3AAAAAGTAAAAAACATATATATATATATATT 
AACTGATCTAGGGAGCTGGCTOU3CAGTTAAGAGTTCTGGCrtKXCrTGCTTCASATCrTC3CTTlX^^ 
CATGATQGCITTCAAiCnCTATCItrr G CTTCa^GGGGATCCAACAGCCTCTTCTGACCTCCATAl^ 
TGCAAGASCACaVAATGCTCTTATCTGTTGATCCATCTtpTCTAGCCTCATGCCAiaTCATTTA 
CCCMTTTACGAAGATGTCACrrGCCCAGTCATTTGCCATGAGTQrGATATTTCXSATTCTTTCTAT^^ 
TTTATAAGAAAGATATCRXSVTTTGTCTCCTGAiGAGAACAAAGGGTGGAGGGCTACrGAGATGG 
GCTTGCCACAAAATCTGACAACTTiUGTTTGGttrrTG G AATCX:ACATGGTGGAGAGAGAGAAGACATTCCC<^ 
CCTCAAACTTCCCACACATGTGCTGTGGCTTATGTGTAACCCXAATAAGTAAWaATAGTTTTAAACACTACATAAGGTAG 
GGTTTtrrrCATGACCCCAAGGAATGATGCCCCTGATAGAGC^ATGCTGAAACCXX:ATCTCCATTGTGCCATCTGGAAAG 
AGACAATTGCATCCOGGAAACAGAATXrrTCATGAATGGATTAATGAGGTATXAAGAAAGTGGCnTCGTrATrGCA^ 
TGGCGGCOTAATGACCTCGACCATGATGTTATCGAGCATGAAGGTCCTCACCAGAAGTCATACAAATCTTGTTAGGCTTC 
CAGA G T CG T G AGCJUU^AAAAGCACACCTCTAAATAAATTAAGTAGCCTCAGGTAGTTAACCACCXjAAAATGAACCAAGGC 
AGTTCTAATACyUU^CCACTTCCCrTCXrCTGTTCAAACXACAGTGCCCTATTATCTAAAAGATAAACTTCAAGCCAAGCT 

tttaggttgccagtatttatgtaacaacaaggcccgttgacacacatctgtaactcctagtactgggcctcaggggcaga 

GACAGGTGGAGCCCTGGAGTTTGAATTCCAGGTTCTGTGAGAAACTCrcTCTGAAAAGACAATATGGTGAGTGACCCGGG 

AGGATATCrrGATATTGACTTCTGGCCAACACAGAGCCATCTCTGCACATCTGTAGTTGCAAGCCTTTTGCACTAAGTtTG 



CTAGCAGCACTGGCrrTCGGCCAGCTGCTCATTCAAGCCTCTTTGCAGAGTCATCACGGGGATGGGGGAGCAGGGCGCCTG 

CCTAGAACACOUWGGCTGlXXnTGTTTATTCAGGACATTATTGAGGGGCAAGATGAGAGATAACTCrATCAGTTGGGa^ 

CAGTCCX3GTGTTGCXX3TGTrAGGTrATTTCTGTGTCrcCAGAAAACAGTGCAACCIX3GAGAAAAGAAATAAAT^ 

TTTTTCArrCAGGCAACTAGATTCCGTGGTACAAAA(3GCTGGCrGGGGAA0GAGGGCGGGACAGCGCGGGTCCTGAGTCG 

CT A TTTCC G TGTGTCAACTTCTCTAATCTCTTGATTTCCrCGCTCTG'ltriV^^^^^ fGCTGGGGCCCAGTGGA 

GTCTGTCT A CTCAGAGGGAGGAGGGTGGGAAAGCCCTGGTCCTGTACGGGGTGGGGGAAGGGGGGAAfiCTGTCGGGGCAG 

TGACTTrriGCCCTTTCTCTTTTTCTTAGAAACCAGTCTCAATTTAAGATAATGAGTGTGCTCATTCACGTGTGGTCACT 

ATTCATAGGGACTTATCCACCCCCGCCCTGTCAATCTGGGTAAGTAAGACAAGTGAAATTTAAAAGGGAACGTTTTTCTA 

aaaatgtggctggaccgtgtgccggcacgaaaccagggatggcggtctaagttacatgctctctgccagccccggtgcct 

TTTCCTTTOGGAAAGGAGACCCGGAGGTAAAACGAAGTTGGGAAGTTrrGATGATGGTGTGCGCCGGGTGACTGTTTAAA 

ATGTCATCCATACGTGGGATAGGGAAGGCTGTTCAGGGAGTCATGTAGCGCTCCCTTGAGGAAAAGATTCCACTTGCGGT 

ttagttaggttccacgtggtccgttatgcggtgtctctggccactagtcctcatccatccggtttccgccctcatgcacc 

TTGCCCTTTTAGTTGCTAGAAAGCAGCACGGTAGTCTTGGCAGGTGGGCCATTGGTCAGTCCGCTACCACTGTT ACCATG 
ggcaccaaggtgtcatttaaatatgaggtcactgagtcctgcgggatggcttggttggtaatatgcttgctgcaaaatcg 

TGAGAACTGGAGTTCAATTCCCAGCACATGGATGTATTTGCAGCACCTGGAAGGCAGGGAGCAGAGATCTTAAAGGTGGT 

ggccagacagcgcaggctaattagtaatcagtgagagacgctgtgtcaagaaacaagatggaacatcaaaggtcaacctc 

TTGTCTCCACACACACAAATACACACATGCACATACATCCACACACAGGGAAACACATGCACACACCTGAACACCCTCGA 

caaatacatacataaaaaaataaatacatacacacatagatacatacaccaacattcgctctccttagtctcctggctac 
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Gcit:riVT CA CbccqtfrcAaGGciTOU u, iiCTTCt A3 r^^ 

GATJ^Md3ACM:M3^CTACIMi3TCA0CGr^^ 

JUtfnaWBTCCMtfXTCTCa^T GC lTaTACgCTGGa Cy C TCG CTTC A ^^ 

5 TTCgUjCCnWGCCTCTGGTTCTCCRftCCASCACaGGCCatfjTCTGGCnTCTaV^^ 



OaSG R TTCT G AaVtjGCaGTTCO G AAGCTCAGTCCyXSAAGCTGAATTTMAATCayCaiCTCCgyGC^ 

<XTACC3^C3TOAGCTOGCCCTGACTGatfjCTGTGTCT GG GTGGCA(J*AtXntjC*iWlWUtJC'it^^ 

10 GTGGT<j G TGCaGGTta3TGGTGGlteTG(jltyiXTOTGTGTGTTTTCTGCTTTTAC3M^<>^^^ 
jGaOUUVrCTiSOCTCATATASGCaGftAAmtGACTTAIGCXrEMATAAGftXRJI^^ 
AXftGTT ACT GTCRAAAGTAAlTCTATTTAJACACCCTTATiUaVlWJaTiXXrTTTTGTTGGflGJtf^^ 
AJGT^lTTAAAAAAAAATTCCCCA Cn X X 'TT A AAItfSGTGAAGAATGGACXXaWGA™ 
OGGAGTtnQGAGTCCIX X XatfkTGGTCTOGACAGAACXaiTCGABAGAGGGTCCMjSACAAAJ^^ 

' 15 jitoGGCAGCOCTCATGaGGTACX!AGaGATTGCIAftgrGGAGG^t3«3VSGATe^ 

.CTGTACCA GC CCJOCXXrrGAG G GGCTCCAGGTGGGOGCCCTtf^pGTGCTOCftgTGGGAGCXatf^TGAGftGGlXSM!^^ 

GAGTCACCTO3 GG r A CC A TT G TTT A C X X3ftSGTGG G GA!nTOTGgrGT G GAGAC3U3GC3tfXXrn^^ 

A yCAJrrG MGAGTTGGAACrAAAACAGGGGCCMCAC^CrGGCTCCCATAGCTCTOGGC^^ 

20 AC Cl X n TCroG a CCATCAGGtGAGAgTSTGGCRAGCCCTAGGCTC^^ 

. T T G C G T A AAA(XAitf?TC X nCTTGATTT A TCT A l!U\AftCAGAGCCGTXA3ACCCACCCAPU5GA 
^ . ■ TTCATOt A TCTG A AAAGOGACAC3tfWCGArTTTTCACATCATt3GCATCTTCCTAAtXXXX3^^^ 

TTGaVGACAGC OT TtGTCTGTGTAGTOCT GGC lGTCCTGGAAiCTCACTTTGTAGACCayGGCT^^ 

25 CTGGGATTAAAGGTGT(nX X X3WOCAOGCCOSGCXXTOACXa:(X»TTCTTAAJGGTGATCC^^ 
ACACACATirrCCATTAGGGATTAGCTtAJltilTTTCTGAGCnACCTGGTAC^^ 
MCCentSJUhXX^GGCCCXATCAACntXaGTTCCTG GG CCCJGATCAAGTCCACnT ^ ^ 

- AGClXX3ATTAGCTCATC X " X tA X TCXXr i X jGC Vit S TTCTT A CrrTACACTCrT^^ 

■CrCAiunTiglXrT GC CACA G TCCClAAGCCACCntrTGTAAGACAACTAAGATAATACTTC^^ 

30 AGTCACCACACCCrCTOGACantngTGGACACATGTTCATGC&TCTC^^ 



Sequence XD Ho. 18 r PiTmat> Beer Genomic Sequence (This gene has two ^ons# at 
positions 161-427 abd 3186^5219) . 

35 

tagaggagaa gtctttgggg agggtttgct ctgagcacac ccctttccct ccctccgggg 60 

ctgagggaaa catgggacca gccctgcccc agcctgtcct cattggctgg catgaagcag 120 

40 agaggggctt taaaaaggcg accgtgtctc ggctggagac cagagcctgt gctactggaa 180 

ggtggcgtgc cctcctctgg ctggtaccat gcagctccca ctggccctgt gtctcgtctg 240 

cctgctggta cacacagcct tccgtgtagt ggagggccag gggtggcagg cgttcaagaa ‘300 

45 

tgatgccacg gaaatcatcc ccgagctcgg agagtacccc gagcctccac cggagctgga 360 

gaacaacaag accatgaacc, gggcggagaa cggagggcgg cctccccacc acccctttga 420 

50 gaccaaaggt atggggtgga ggagagaatt cttagtaaaa gatcctgggg aggttttaga 480 

aacttctctt tgggaggctt ggaagactgg ggtagaccca gtgaagattg ctggcctctg 540 

ccagcactgg tcgaggaaca gtcttgcctg gaggtggggg aagaatggct cgctggtgca 600 

55 

gccttcaaat tcaggtgcag aggcatgagg caacagacgc tggtgagagc ccagggcagg 660 
' gaggacgctg gggtggtgag ggtatggcat cagggcatca gaacaggctc aggggctcag 720 
60 aaaagaaaag gtttcaaaga atctcctcct gggaatatag gagccacgtc cagctgctgg 780 
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taccactggg aagggaacaa ggtaagggag cctcccatcc acagaacagc acctgtgggg 840 
caccggacac tctatgctgg tggtggctgt ccccaccaca cagacccaca tcatggaatc 900 

'.5 

cccaggaggt gaacccccag ctcgaagggg aagaaacagg ttccaggcac tcagtaactt 960 
i ggtagtgaga agagctgagg tgtgaacctg gtttgatcca actgcaagat agccctggtg 1020 

10 tgtggggggg tgtgggggac agate tccac aaagcagtgg ggaggaagge cagagaggea 1080 



cccctgcagt gtgeattgee catggcctgc ccagggagct ggcacttgaa ggaatg^ag 1140 

ttttcggcac agttttagcc * cctgacatgg gtgcagctga gtccaggccc tggaggggag 1200 

15 

agcagcatcc tctgtgcagg agtagggaca tctgtcctca gcagccaccc cagtcccaac 12'60 

■to • 

cttgcctcat tccaggggag. ggagaaggaa gaggaaccct gggttcetgg tcaggcctgc 1320 
20 acagagaage ccaggtgaca gtgtgcatct ggetetataa ttggcaggaa tcctgaggcc 1380 



atgggggcgt ctgaaatgac acttcagact aagagcttcc ctgtcctctg gccattatcc 1440 

aggtggcaga gaagtccact gcccaggctc ctggacccca gccctccccg cctcacaacc 1500 

25 

tgttgggact atggggtgct aaaaagggca actgcatggg aggccagcca ggaccctccg 1560 

tcttcaaaat ggaggacaag ggcgcctccc cccacagctc cccttctagg caaggteage 1620 

30 tgggctccag cgactgcctg aagggctgta aggaacccaa acacaaaatg tccaccttgc 1680 

tggactccca cgagaggcca cagcccctga ggaagccaca tgctcaaaac aaagtcatga 1740 

tetgeagagg aagtgcctgg cctagggg^ etattetega aaagccgcaa aatgccccct 1800 
35 

tccctgggca aatgcccecc tgaccacaca cacattccag ccctgcagag gtgaggatge 1860 

aaaccagcc'c acagaccaga aagcagcccc agaegatgge agtggccaca tctcccctgc -1920 

40 tgtgcttgct cttcagagtg ggggtggggg gtggccttct ctgtcccctc tctggtttgg 1980 

tcttaagact atttttcatt ctttcttgtc acattggaac tatccccatg aaacctttgg 2040 

gggtggactg gtactcacac gacgaccagc tatttaaaaa gctcccaccc atctaagtcc 2100 

45 

accataggag acatggtcaa ggtgtgtgca ggggatcagg ccaggcctcg gagcccaatc 2160 
tctgcctgcc cagggagtat caccatgagg cgcccattca gataacacag aacaagaaat 2220 
50 gtgcccagca gagagccagg tcaatgtttg tggcagctga acctgtaggt tttgggtcag 2280 
' agctcagggc ccctatggta ggaaagtaac gacagtaaaa agcagccctc agctccatcc 2340 



cccagcccag cctcccatgg atgctcgaac gcagagcctc cactcttgcc ggagccaaaa 2400 



55 









ggtgctggga ccccagggaa gtggagtccg" ccagcctttt gggcaagttc *^2460 

ttttctctgg ctgggcctca gtattctcat tgataatgag ggggttggac acactgcctt 2520 



5 tgattccttt caagtctaat gaattcctgt cctgatcacc tccccttcag tccctcgcct 2580 
ccacagcagc tgccctgatt tattaccttc aattaacctc tactcctttc tccatcccct 2640 
'gtccacccct cccaagtggc tggaaaagga atttgggaga agccagagcc aggcagaagg 2700 

10 

tgtgctgagt acttaccctg cccaggccag ggaccctgcg gcacaagtgt ggcttaaatc 2760 
• ataagaagac cccagaagag aaatgataat aataatacat aacagccgac gctttcagct 2820 
15 atatgtgcca aatggtattt tctgcattgc gtgtgtaatg gattaactcg caatgcttgg 2880 
-to ggcggcccat tttgcagaca ggaagaagag agaggttaag gaacttgccc_aagatgacac 2940 
ctgcagtgag cgatggagcc etggtgtttg aaccccagca gtcatttggc tccgagggga 3000 

20 

cagggtgcgc aggagagctt tccaccagct ctagagcatc tgggaccttc ctrgcaataga 3060 

tgttcagggg caaaagcctc tggagacagg cttggcaaaa gcagggctgg ggtggagaga 3120 

25 gacgggccgg tccagggcag gggtggccag gcgggcggcc accctcacgc gcgcctctct 3180 

ccacagacgt gtccgagtac agctgccgcg agctgcactt cacccgctac gtgaccgacg 3240 

ggccgtgccg cagcgccaag ccggtcaccg agctggtgtg ctccggccag tgcggcccgg 3300 
30 

cgcgcctgct gcccaacgcc atcggccgcg gcaagt^tg gcgacctagt gggcccgact 3360 

tccgctgcat ccccgaccgc taccgcgcgc agcgcgtgca gctgctgtgt cccggtggtg 3420 

35 aggcgccgcg cgcgcgcaag gtgcgcctgg tggcctcgtg caagtgcaag cgcctcaccc 3480 

gcttccacaa ccagtcggag ctcaaggact tcgggaccga ggccgctcgg ccgcagaagg 3540 

gccggaagcc gcggccccgc gcccggagcg ccaaagccaa ccaggccgag ctggagaacg 3600 
40 

cctactagag cccgcccgcg cccctcccca ccggcgggcg ccccggccct gaacccgcgc 3660 

cccacatttc tgtcctctgc gcgtggtttg attgtttata tttcattgta aatgcctgca 3720 

45 acccagggea gggggctgag accttccagg ccctgaggaa tcccgggcge cggcaaggcc 3780 

cccctcagcc cgccagctga ggggtcccac ggggcagggg agggaattga gagtcacaga 3840 

cactgagcca cgcagccccg cctctggggc cgcctacctt tgctggtccc acttcagagg 3900 , 
50 

aggcagaaat ggaagcattt tcaccgccct ggggttttaa gggagcggtg tgggagtggg 3960 
aaagtccagg gactggttaa gaaagttgga taagattccc ccttgcacct cgctgcccat 4020 
55 cagaaagcct gaggcgtgce cagagcacaa gactgggggc aactgtagat gtggtttcta 4080 





^cctggctc tgccactaac ttgctgtgta accttgaact acacaattct ccttcgggac 4140 
ctcaatttcc actttgtaaa atgagggtgg aggtgggaat aggatctcga ggagactatt 4200 



5 

ggcatatgat tccaaggact ccagtgcctt ttgaatgggc agaggtgaga gagagagaga 4260 

gaaagagaga gaatgaatgc agttgcattg attcagtgcc aaggtcactt ccagaattca 4320 

10 gagttgtgat gctctcttct gacagccaaa gatgaaaaac aaacagaaaa aaaa^gtaa 4380 

agagtctatt tatggctgac atatttacgg ctgacaaact cct.ggaagaa gctatgctgc 4440 

ttcccagcct ggcttccccg gatgtttggc . tacctccacc cctccatctc aaagaaataa 4500 

15 

qatcatccat tggggtagaa aaggagaggg tccgagggtg gtgggaggga tagaaatcac 4560 
atccgcccca acttcccaaa gagcagcatc cctcccccga cccatagcca tgttttaaag 4620 
20 tcaccttccg aagageiagtg aaaggttcaa ggacactggc cttgcaggcc cgagggagca 4680 
gccatcacaa actcacagac cagcacatcc cttttgagac accgccttct gcccaceact 4740 
cacggacaca tttctgccta gaaaacagct tcttactgct cttacat^g atggcatatc 4800 

25 

ttacactaaa agaatatcat tgggggaaaa actacaagtg ctgtacatat gctgagaaac 4860 

tgcagagcat aatagctgcc acccaaaaat ctttttgaaa atcatttcca gacaacctct 4920 

30 tactttctgt gtagttttta attgttaaaa aaaaaaagtt ttaaacagaa gcacatgaca 4980 

tatgaaagcc tgcaggactg gtcgtttttt tggcaattct tccacgtggg acttgtccac 5040 

■ aagaatgaaa gtagtggttt ttaaagagtt aagttacata tttattttct cacttaagtt 5100 

35 

atttatgcaa aagtttttct tgtagagaat gac^tgtta atattgctfct atgaattaaq 5160 

agtctgttct tccagagtcc agagacattg ttaataaaga caatgaatca tgaccgaaag -5220 

40 gatgtggtct cattttgtca accacacatg acgtcatttc tgtcaaagtt gacacccttc 5280 

tcttggtcac tagagctcca accttggaca cacctttgac tgctctctgg tggcccttgt 5340 

ggcaattatg tcttcctttg aaaagtcatg tttatccctt cctttccaaa cccagaccgc 5400 

45 

atttcttcac ccagggcatg gtaataacct cagccttgta tccttttagc agccteccct 5460 
ccatgctggc ttccaaaatg ctgttctcat tgtatcactc ccctgctcaa aagccttcca 5520 
50 tagctccccc ttgcccagga tcaagtgcag tttccctatc tgacatggga ggccttctct 5580 
' gcttgactcc cacctcccac tccaccaagc ttcctactga ctccaaatgg tcatgcagat 5640 
ccctgcttcc ttagtttgcc atccacactt agcaccccca ataactaatc ctctttcttt 5700 
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gatccctctc tcctctgagg ttccagcccc ttttgtctac accactactt tggttcctaa 5820 



5 ttctgttttc catttgacag tcattcatgg aggaccagcc tggccaagtc ctgcttagta 5880 
ctggcataga caacacaaag ccaagtacaa ttcaggacca gctcacagga aacttcatct: 5940 
tcttcgaagt gtggatttga tgcctcctgg gtagaaatgt aggatCttca aaagtgggcc 6000 

10 

agcctcctgc acttctctca aagtctcgcc tccccaaggt gtcttaatag tgctggatgc 6060 
tagctgagtt agcatcttca gatgaaga^ aaccctaaag ttactcttca gttgccctaa 6120 
15 ggtgggatgg tcaactggaa agctttaaat taagtccagc ctaccttggg ggaacccacc 6180 
^ cccacaaaga aagctgaggt ccctcctgat gacttgtcag tttaactacc aataacccac 6240 
ttgaattaat catcatcatc aagtctttga taggtgtgag tgggtatcag tggccggtcc 6300 

20 

cttcctgggg ctccagcccc cgaggaggcc tcagtgagcc cctgcagaaa atccatgcat 6360 

catgagtgtc tcagggccca gaatatgaga gcaggtagga aacagagaca tcttccatcc 6420 

25 ctgagaggca gtgcggtcca gtgggtgggg acacgggctc tgggtcaggt ttgtgttgtt 6480 

tgtttgtttg ttttgagaca gagtctcgct ctattgccca ggctggagtg caigtgtcaca 6540 

atctcggctt actgcaactt ctgccttccc ggatt^caagt gattctcctg cctcagcctc 6600 
30 

cagagtagct gggattacag gtgcgtgcca ccacgcctgg ctaatttttg tatttttgat 6660 

agagacgggg tttcaccatg ttggccaggc tagtctcgaa ctcttgacct caagtgatct 6720 

35 gcctgcctcg gcctcccaaa gtgctgggat tacaggcgtg agccaccaca cccagcccca 6780 

ggttggtgtt tgaatctgag gagactgaag caccaagggg ttaaatgttt tgcccacagc 6840 

catacttggg ctcagttcct tgccctaecc ctcacttgag ctgcttagaa cctggtgggc 6900 
40 

acatgggcaa taaccaggtc acactgtttt gtaccaagtg ttatgggaat ccaagatagg 6960 

agtaatttgc tctgtggagg ggatgaggga tagtggttag ggaaagcttc acaaagtggg 7020 

45 tgttgcttag agattttcca ggtggagaag ggggcttcta ggcagaaggc atagcccaag 7080 

caaagactgc aagtgcatgg ctgctcatgg gtagaagaga atccaccatt cctcaacatg 7140 

taccgagtcc ttgccatgtg caaggcaaca tgggggtacc aggaattcca agcaatgtcc- 7200 
50 

aaacctaggg tctgctttct gggacctgaa gatacaggat ggatcagccc aggctgcaat 7260 
cccattacca cgagggggaa aaaaacctga aggctaaatt gtaggtcggg ttagaggtta 7320 
55 tttatggaaa gttatattct acctacatgg ggtctataag cctggcgcca atcagaaaag 7380 




gaaca£Uic 2 ia cagacctagc tgggaggggc agcattttgt tgtagggggc ggggcacatg 7440 



ttctgggggt acagccagac tcagggcttg tattaatagt ctgagagtaa. gacagacaga 7500 

5 

gggatagaag gaaataggtc cctttctctc tctctctctc tctctctctc actctctctc 7560 

;.-3 tctctcacac. acacacacag acacacacac acgctctgta ggggtctact tatgctccaa 7620 

10 gtacaaatca ggccacattt acacaaggag gtaaaggaaa agaacgttgg aggagccaca 7680 

ggaccccaaa attccctgtt ttccttgaat caggcaggac ttacgcagct gggagggcgg 7740 

agagcctgca gaagccacct gcgagtaagc caagttcaga gtcacagaca ccaaaagctg 7800 
15 

gtgccatgtc ccacacccgc ccacctccca cctgctcctt gacacagccc tgtgctccac 7860 

■ie 

aacccggctc ccagatcatt gattatagct ctggggfcctg caccgtcctt cctgccacat 7920 
20 ccccacccca ttcttggaac ctgccctctg tcttctccct tgtccaaggg caggcaaggg 7980 
ctcagctatt gggcagcttt gaccaacagc tgaggctcct tttgtggctg gagatgcagg 8C40 

aggcagggga atattcctct tagtcaatgc gaccatgtgc ctggtttgcc cagggtggtc 8X00 

25 , 

tcgtttacac ctgtaggcca agcgtaatta ttaacagctc ccacttctac tctaaaaaat 8160 

gacccaatct gggcagtaaa ttatatggtg cccatgctat taagagctgc aacttgctgg 8220 

30 gcgtggtggc tcacacctgt aatcccagta ctttgggacg tcaaggcggg tggatcacct 8280 

gaggtcacga gttagagact ggcctggcca gcatggcaaa accccatctt tactaaaaat 8340 

acaaaaatta gcaaggcatg gt-ggcatgea cctgtaatcc caggtactcg ggaggctgag 8400 
35 

acaggagaat ggcttgaacc caggaggcag aggttgcagt gagccaagat tgtgccactg 8460 

ccctccagcc ctggcaacag agcaagactt catctcaaaa gaaaaaggat actgtcaatc 8520 

40 actgcaggaa gaacccaggt aatgaatgag gagaagagag gggctgagtc accatagtgg 8580 

cagcaccgac tcctgcagga aaggcgagac actgggtcat gggtactgaa gggtgccctg 8640 

aatgacgttc tgctttagag accgaacctg agccctgaaa gtgcatgcct gttcatgggt 8700 
45 

gagagactaa attcatcatt ccttggcagg tactgaatcc tttcttacgg ctgccctcca 8760 
atgcccaatt tccctacaat tgtctggggt gcctaagctt ctgcccacca agagggccag 8820 
50 agctggcagc gagcagctgc aggtaggaga gataggtacc cataagggag gtgggaaaga 8880 
gagatggaag gagaggggtg cagagcacac acctcccctg cctgacaact tcctgagggc 8940 
tggtcatgcc agcagattta aggcggaggc aggggagatg gggcgggaga ggaagtgaaa 9000 
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aaggagaggg tggg^tgga gaggaagaga gggtgatcat tcattcattc cattgctact 9060 
gact^atgc cagctgtgag ccaggcacca ccctagctct gggcatgtgg ttgtaatctt 9120 
5 ggag^cctcat ggagctcaca gggagbgctg gcaaggagat ggataatgga cggataacaa 9180 
ataaacattt agtacaatgt ccgggaatgg aaagttctcg aaagaeuiaat eiaagctggtg 9240 
agcatataga cagccctgaa ggcggccagg ccaggcattt ctgaggaggt ggcatttgag 9300 

10 

c 9301 

From the foregoing, it will be appreciated tiiat, although specific 
15, embodimoits of the inv^tion have been described herein for pmposes of illustration, 
Vaiious modifications may be made wMibut deviatihg fix>m the ^irit and scope of the 
invention. Accordingly, the invention is not limited except as by the ai^nded elaimg 




